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Figure1.1:GlobaldistributionofLopheliapertusa andMadreporaoculata (isobathsat2000m,5000mand
9000mdepth).RedrawnafterRobertsetal.[2009].Note,duetothehighresearcheffortintheNEAtlantic
this distribution pattern is presumably biased and the full geographic extend of these species is still
unknown.
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Figure1.2: Drawings of the scleractinian coldwater coral species Lophelia pertusa (a, b) andMadrepora
oculata (c,d),showingtheframeworkformedbythecoralcolony(a,c)andthedetailsof individualpolyp
calices(b,d)Scalebars:10mm(ac),4mm(d).ModifiedafterRobertsetal.[2009].
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1.4.2 DevelopmentduringtheTertiaryandQuaternary
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Figure1.3:FlourishingcoldwatercoralcoloniesintheMediterraneanSea:(a) Lopheliapertusacolonisinga
fishing line in the Alboran Sea [from Hebbeln et al., 2009]. (b) Dendrophyllia cornigera thriving in the
CassidaigneCanyon,GulfofLions[©Marum](c)CrinoidsandalivecolonyofMadreporaoculataobserved
ontheBrittlestarRidgeI,MelillaCoralProvince,AlboranSea[fromHebbelnetal.,2009].(d)The‚Hanging
Gardens of Linosa’ (Strait of Sicily), a characteristic coldwater coral community comprising colonies of
M.oculata,L.pertusaandCoralliumrubrum [fromFreiwaldetal.,2009].(e)LivingcoloniesofM.oculata
settlingondead,darkcoatedand/orsedimentcloggedcoloniesinthecoldwatercoralprovinceoffSanta
MariadiLeuca,IonianSea[fromVertinoetal.,2010].
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“ColdwatercoralgrowthintheAlboranSea
triggeredbyhighproductivityduringtheLatePleistoceneandHolocene”
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“DevelopmentofMediterraneancoldwatercoralecosystemssincethelateglacial:
Acomparativestudybetweenthewesternandeasternsubbasins”
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“ScleractiniancoldwatercoralsintheGulfofCádizFirstcluesabout
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Figure4.1:Generaloceancirculationpattern in theMediterraneanSea [modifiedafter Lascaratosetal.,
1999; Millot and TaupierLetage, 2005; HernándezMolina et al., 2006]. Blue arrows: Surface water
circulation; Dasheddotted black arrows: Intermediate water circulation; Thick grey arrows: Deep water
circulation; Dotted black arrows: Mediterranean Outflow Water. Highlighted in grey are the areas of
modern dense (deep and intermediate)water formation. Abbreviations: AdAdriatic Sea, AeAegean Sea
ASAlboranSea,BaBalearicSea,EMSEasternMediterraneanSea,GoCGulfofCádiz,GoLGulfofLions,Io
IonianSea,LevLevantineSea,SoGStraitofGibraltar,SoSStraitofSicily,TyTyrrhenianSea,WMSWestern
MediterraneanSea.
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Figure4.2:OverviewmapoftheMediterraneanSeashowingthestudyareasaddressedinthisthesis.From
east towest:1) IonianSeawith thecoldwatercoralprovinceSantaMariadi Leuca,2)StraitofSicily,3)
AlboranSeawiththeMelillaCoralProvince,and4)GulfofCádiz.
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Station
GeoB#
Gear Latitude Longitude
Water
depth
[m]
Recovery
[cm]
Studyarea
111851 GC 39°33.314’N 18°27.339’E 612 266 IonianSea SML
111861 GC 39°33.434’N 18°27.357’E 628 310 IonianSea SML
111352 GC 36°50.351’N 13°09.329’E 634 578 StraitofSicily UraniaBank
137223 BC 35°21.04'N 02°32.11'W 280 2732 AlboranSea MCP,Horsemound
137231 BC 35°21.05'N 02°34.82'W 291 20 AlboranSea MCP,Newmound
137252 BC 35°26.71'N 02°31.62'W 355 <1 AlboranSea MCPBRII
137271#1 ROV 35°26.16'N 02°30.84'W 363  AlboranSea MCPBRI
137271#2 ROV 35°26.16'N 02°30.86'W 353  AlboranSea MCPBRI
137281 BC 35°26.28'N 02°30.89'W 343 1020 AlboranSea MCPBRI
137282 GC 35°26.28’N 02°30.89’W 343 364 AlboranSea MCPBRI
137291 GC 35°26.07’N 02°30.83’W 442 447 AlboranSea MCPBRI
137301 GC 35°26.20’N 02°30.87’W 338 434 AlboranSea MCPBRI
137351 BC 35°28.08'N 02°33.58'W 313 1021 AlboranSea MCPBRIII
137371#1 ROV 35°28.01'N 02°33.63'W 299  AlboranSea MCPBRIII
137371#2 ROV 35°28.06'N 02°33.56'W 297  AlboranSea MCPBRIII
137311 GC 35°24.80’N 02°33.22’W 362 431 AlboranSea MCPoffmound
137111 BC 36°05.71’N 03°33.18’W 308 15 AlboranSea ElIdrissi
137121 BC 36°05.42’N 03°33.27’W 450 5 AlboranSea ElIdrissi
137141 BC 36°05.71’N 03°33.19’W 303 17 AlboranSea ElIdrissi
13717#1 ROV 36°05.54’N 03°31.92’W 622  AlboranSea ElIdrissi
137182 BC 36°05.67’N 03°31.95’W 534 1020 AlboranSea ElIdrissi
137183 BC 36°05.67’N 03°31.96’W 533 2338 AlboranSea ElIdrissi
13751#1 ROV 36°06.28’N 03°29.29’W 676  AlboranSea ElIdrissi
13751#2 ROV 36°06.30’N 03°29.31’W 658  AlboranSea ElIdrissi
13751#4 ROV 36°06.44’N 03°29.52’W 495  AlboranSea ElIdrissi
137531 BC 36°06.47’N 03°29.55’W 498 bulk AlboranSea ElIdrissi
137542 BC 36°06.39’N 03°29.47’W 512 bulk AlboranSea ElIdrissi
137551 BC 36°06.28’N 03°29.32’W 621 <1 AlboranSea ElIdrissi
137591 BC 36°08.82’N 03°30.02’W 423 24 AlboranSea ElIdrissi
137471 BC 36°01.50’N 02°55.32’W 437 <1 AlboranSea AlboranRidge
137481 GC 36°01.53’N 02°55.35’W 456 28 AlboranSea AlboranRidge
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5.3.1 Agedetermination/AMSradiocarbondating
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Table5.1:Metadataofallsamplingstationsofthisstudy(BC BoxCorer;GC GravityCorer;ROVSamples
retrieved during diveswith the remotely operated vehicle Cherokee). Samplingmaterial from the Santa
MariadiLeucacoralprovince(SML)andtheUraniaBankwascollectedduringcruiseM701(GeoB111xxx),
stations at theMelilla coral province (MCP; Brittlestar Ridges  BR) and in the Alboran Seawere visited
duringcruisePOS385(GeoB137xxx).
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AMS14Cdatingon:
Station
GeoB#
Studyarea Coral
fragments
Planktonic
foraminifera
Grain
size
analyses
Corg
Stable
isotopes
Benthic
foraminifera
assemblage
XRF
111851 SML 5 2 x x  x 
111861 SML 7  x    
111352 UraniaBank 2      
137282 MCP–BRI 6      
137291 MCP–BRI 5      
137301 MCP–BRI 7      
137311 MCPoffmound  7 x  x  x
137481 AlboranRidge 1      
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5.3.2 Grainsizeanalysis
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Table5.2:Overviewofanalysescarriedoutongravitycores(AMS– Acceleratormassspectrometry;Corg –
organiccarbon;XRF–Xrayfluorescence).Abbreviations:SMLSantaMariadiLeucacoralprovince;MCP–
MelillaCoralProvince;BR–BrittlestarRidge.
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Station
GeoB137#
Gear Site
AMS14Cdatingson
coralfragments
223 BC Horsemound 2
231 BC Newmound 2
252 BC BrittlestarRidgeII 1
271 ROV BrittlestarRidgeI 2
281 BC BrittlestarRidgeI 2
351 BC BrittlestarRidgeIII 1
371 ROV BrittlestarRidgeIII 2
111 BC ElIdrissi 1
121 BC ElIdrissi 2
141 BC ElIdrissi 2
17#1 ROV ElIdrissi 1
182 BC ElIdrissi 1
183 BC ElIdrissi 1
51#1 ROV ElIdrissi 1
51#2 ROV ElIdrissi 1
51#4 ROV ElIdrissi 1
531 BC ElIdrissi 1
542 BC ElIdrissi 1
551 BC ElIdrissi 1
591 BC ElIdrissi 1
471 BC AlboranRidge 1
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5.3.3 Organiccarbon
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Table5.3: Radiocarbon analyses carried out on coldwater coral fragments sampled with the remotely
operatedvehicle(ROV)andboxcorer(BC)intheAlboranSea.
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5.3.4 Stableisotopeanalyses
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5.3.5 Benthicforaminiferaassemblage
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5.3.6 XRayFluorescence(XRF)
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6 OxygencontrolonHolocenecoldwatercoraldevelopmentintheeastern
MediterraneanSea
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Continuous sedimentary records from an eastern Mediterranean coldwater coral
ecosystemthriving in intermediatewaterdepths(~600m)reveala temporaryextinctionof
coldwater corals during the Early to Mid Holocene from 11.45.9 cal kyr BP. Benthic
foraminiferal assemblageanalysis shows lowoxygen conditionsof2ml l1 during the same
period,comparedtobottomwateroxygenvaluesof45mll1beforeandafterthecoralfree
interval.Thetimingofthecorals’demisecoincideswiththesapropelS1event,duringwhich
the deep eastern Mediterranean basin turned anoxic. Our results show that during the
sapropelS1eventlowoxygenconditionsextendedtotherathershallowdepthsofourstudy
site in the Ionian Sea and caused the coldwater corals temporary extinction. This first
evidenceforthesensitivityofcoldwatercoralstolowoceanicoxygencontentssuggeststhat
theprojectedexpansionof tropicaloxgenminimumzonesresulting fromglobalchangewill
threatencoldwatercoralecosystemsinlowlatitudesinthesamewaythatoceanacidification
willdoinhigherlatitudes.
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Figure6.1:MapoftheeasternMediterraneanSeashowingthelocationoftheSantaMariadiLeuca(SML)
coldwatercoralprovinceintheIonianSea.Thefigureshowsthemodernsitesofdeepwaterformationin
theAdriaticSea,pathwaysoftheAdriaticDeepWater(AdDW)andtheLevantineIntermediateWater[LIW;
modified after Trincardi et al., 2007]. The waterdepth contours at 1800m and 500 m are highlighted,
indicating the extent of anoxic (>1800 m) and dysoxic conditions (~5001800 m) in the eastern
Mediterranean Sea during sapropel S1 event. SML Province, the location of cores GeoB111851 and
GeoB111861,andsitesreferredtointhetextareshown.
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A	 
 	  	  
D 	 
 R/V Meteor  M701,
 
D 	  D% AD 
	
 	  	> ;	###N$'#< 
 

	'
 
 ;	 ###NL'#< 	  ':
	
	

:.B	
>	
 ; AL%#<% A >> 	
 	
			

	
	'	

 
 ;AL%#<   
 D 

 	 

;
D L.pertusa 
 M.oculata< 

  > 
 P% 0
 	
Core Latitude Longitude Water
depth[m]
Corerecovery
[cm]
Coralcontainingsequences
[cmcoredepth]
GeoB111851 39°33.314’N 18°27.339’E 612 266 043;63101
GeoB111861 39°33.434’N 18°27.357’E 628 310 071;76143
Table6.1:Metadata of sediment cores retrieved from the SantaMaria di Leuca (SML) coldwater coral
province(IonianSea)duringR/VMeteorcruiseM701.
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Core
[GeoB]
Core
depth
[cm]
Type Labcode 14Cage
[year]
1error
[±year]
2 (95.4%) Calibrated
age range [year BP, P=
AD1950]
Median
probabilityage
[yearBP]
111851 15.5 Lp OZJ975 2190 45 1672  1910 1786
111851 27 Lp OZJ976 3900 50 3715  4024 3877
111851 40.5 Lp OZJ977 4640 70 4641  5063 4871
111851 70 Lp OZJ978 11670 100 12882  13339 13148
111851 92 Dd OZJ979 11920 80 13179  13493 13348
111851 43 pFo OS71436 5300 25 5587  5720 5652
111851 63 pFo OS71437 8900 25 9482  9634 9542
111861 9 Lp OZJ980 2945 50 2580  2846 2725
111861 30 Mo OZJ981 5160 60 5382  5642 5520
111861 50 Mo OZJ982 5120 60 5318  5586 5484
111861 70 Mo OZJ983 5540 60 5756  6099 5929
111861 101.5 Lp OZJ984 10400 80 11215  11756 11489
111861 110 Lp OZJ985 10370 160 11190  11743 11433
111861 135 Lp OZJ986 10640 180 11626  12327 11956
Table6.2:AMS 14Cagesdeterminedon coldwater corals (Lp,Lopheliapertusa;Mo,Madreporaoculata;
Dd, Desmophyllum dianthus) and multispecies samples of planktonic foraminfera (pFo) from sediment
cores GeoB 111851 andGeoB 111861 (SantaMaria di Leuca coldwater coral province). All ageswere
correctedfor13C,and14Cageswereconvertedtocalendaryears(calyrBP,presentisAD1950)assuminga
reservoireffectof~400yrs[Sianietal.,2001]usingtheMarine09calibrationcurve[Reimeretal.,2009]of
CALIB6.0software[StuiverandReimer,1993].
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6.3.3 Grainsizeanalyses
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6.3.5 Benthicforaminiferal
assemblagesandoxygen
reconstruction
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GeoB111861 GeoB111851
coredepth
[cm] Meangrainsize[μm] Meangrainsize[μm] Corg[%]
Bottomwateroxygenconcentration
reconstructedafterJorissenetal.(2007)
[mll1]
3 5.0   
8 4.3 5.0  
13 4.4 5.4  
18 4.9 5.8  
23 5.1 5.2 0.23 4.41
28 4.8 5.1 0.32 3.83
33 5.1 5.7 0.34 4.50
38 5.5 5.9 0.31 4.22
43 5.3 6.4 0.30 3.96
48 4.8 5.0 0.50 3.73
53 5.1 4.0 0.30 3.86
58 4.6 3.6 0.82 1.96
63 4.7 4.0 0.71 3.29
68 4.0 8.6 0.37 3.48
73 5.1 9.7 0.48 4.35
78 4.8 8.6 0.45 4.18
83 5.4 9.9  4.51
88 7.0 10.1 0.36 4.75
93 8.9 10.0  4.88
98 8.7 10.8 0.33 4.59
103 8.2 13.9  4.28
108 10.9 15.1 0.34 4.80
113 8.7 13.4  4.29
118 8.4 15.3  4.73
123 7.8 12.7  
128 9.8 14.1 0.49 
133 10.9 19.0  
138 11.5 14.6  
143 11.6 14.1  
148 13.1 12.9 0.37 
153 15.2 12.5  
158 18.0 13.1  
163 13.1 13.2  
168 14.1 12.1  
173 11.5 15.2  
178 12.4 14.5 0.40 
183 13.5 14.7  
188 14.2 13.7  
193 12.5 14.9  
198 11.8 11.7  
203 13.0 12.1  
208 12.8 13.1 0.40 
213 13.0 15.0  
218 13.7 12.0  
223 15.3 12.7  
228 14.7 12.3  
233 13.9 13.1  
238 14.4 12.1 0.38 
243 14.3 13.4  
248 15.3 13.3  
253 14.9 12.1  
258 13.3 13.0  
263 13.7 10.7  
268 14.6  0.46 
273 15.9   
278 15.4   
283 15.2   
288 14.5   
293 13.9   
298 16.7   
303 13.1   
308 12.2   
Table6.3:DataobtainedfromthematrixsedimentofcoresGeoB 111861andGeoB111851:Meangrain
size[μm];contentoforganiccarbon(Corg)[%],reconstructionofthebottomwateroxygenconcentrationon
thebasisofthebenthicforaminiferaassemblageafterJorissenetal.[2007][mll1].
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6.5.1 Coldwatercoralgrowthduring
theEarlyHolocene
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6.5.2 Impactofdecreasingbottom
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Figure6.2: Sediment cores GeoB 111861 (A) and GeoB 111851 (BE). Both cores reveal two intervals
containingcoldwatercorals(growthperiod(gp)aandb;coralsymbols,diagonalhatched)interruptedbya
coralbarren layer (cb).Numbersgiveagesof coralsandplanktonic foraminifera (indicatedbydiamonds)
[calkyrBP].SedimentsdepositedduringsapropelS1eventareshadedingrey.AandB:Meangrainsizes.C:
Bottomwateroxygenconcentrationestimatedfromtheabundanceofdeepinfaunalbenthicforaminifera
after Jorissen et al.[2007].D: OxygenIndex calculated after Schmiedl et al. [2003]E: Content of organic
carbon.
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Figure6.3:HolocenecoldwatercoraldevelopmentintheeasternMediterraneanSea.Coralagesofcores
GeoB 111851 (triangles) and GeoB 111861 (diamonds) (Table6.1). Additional coral ages (L.pertusa,
M.oculata)reportedfortheeasternMediterraneanSea(crosses:McCullochetal.[2010];dots:Malinverno
etal. [2010]). Indicatedare thecoldwatercoralgrowthperiods (gp)aandb (diagonalhatched)andthe
periodofsapropelS1formation[shadeingrey;afterDeLangeetal.,2008].
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Figure6.4: Schematic NWSE crosssection across the Apulianmargin showing the SantaMaria di Leuca
coldwatercoralprovince inthe IonianSea.A:Phasesofsustainedcoralgrowth in the latedeglacialand
MidtoLateHolocenethatwereassociatedwiththeformationofAdriaticDeepWater(AdDW)resultingin
enhancedbottomcurrentsandawellventilatedwatercolumn.B:Temporarydemiseofcoldwatercorals
duringEarlyHolocenesapropelS1eventintheeasternMediterraneanSea.Anoxic(>1800mwaterdepth)
to dysoxic (~5001800 m water depth) conditions were caused by enhanced watermass stratification
associatedwithincreasedfreshwaterinput,enhancedeutrophicationandreducedAdDWformation.
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6.5.3 Recurrenceofcoldwatercorals
intheLateHolocene
A 	
 	  	
 	 	
>  	
 $%O  D * ;%L%&< 
	

   '	PD
	
 	 		'
 	 YJ '#  :.B ;%L%!2< 
 
 

 
 .

   D 
>	
 	 >' 		
   

	>	>:#
VDeLangeetal.,2008W%+
  
 	 	' 	 

	
	+

>	VFranketal.,2011W 


 	' 	   	 '		

>D  	
 
	

 	
	

>			
	%:

 '
 	 	

	

 	
	
 	' 	

	
		

B(		
		D;%L%J+<%
L%L 2	
	

A 
 >
  	 

	PD
 	
	 	
 	' 	 	D
  	
  >	  	>

	  	D 
  	 > 	

% 9 		 
 >
 
	  	D VFreiwald et al., 2004W  	
 	
  

 	

	
  P> 	 D  
	
 	' 	  >D 
 
     	 	

	
   	 >	
	
 VGuinotte
etal.,2006W 
	'	
D 	 	  	
 % 	 	'
		


>;S$""'#"""< 	PD

D
D >
 
 	
 
 

% .	
   $"i 	

 	  	PD
 
 	
 

;<	> 	
  ;!""'#"""<
D  D !#"" VOschlies et al., 2008W 

 
 	
   >	 
DVStrammaetal.,2010W%A 
 P
 	  		  D 	PD


DD	

D


 
 	 > 	' 	 
	
 	


 
% (
  
 

D  	 
	  	
 D
> 	' 	   	
  	  
		
>	

	%

+
	

 
 
  

	 	 	
'	 
 

M701  RVMeteor ;!""L<% 9 

C%'% :  (% 	  % 
 
 8% ( 	
 
% A   >>	 D
 	>
 2	
De :
 	
*	 ;*Mm!""M'!"#&< 
 
(4.0G >	?  
 
 
	%
!!L&$J   +:AG X2		
 
+ 	  :	
 (>F ;2+:(<
GlQ2GA4GBG2GB'9+A42G4+B:  
&J
*	? 
  0:.+4'		
 

	
	
 
% #LN"% (%=%.%  >>	 D 

+
 0
 	  :
 




 4 ;+0:< 	>% 9



 +
D 		D 
  
	
D	
 	  > 	
 

	
 >	>	>>
	
D%

L%++>>
P
:>>
D

CoreDepth[cm] 23 28 33 38 43 48 53 58 63 68 73 78 83 88 93 98 103 108 113 118
SPECIES[%]                    
Adelosinaspp. 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,7 0,0
Ammolagenaclavata 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Ammoniabeccariis.l. 0,8 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,3 1,0 1,1 0,2 0,8 0,4 0,7 1,2 1,7 3,5 2,7
Amphicorynascalaris 0,8 1,9 2,5 2,4 2,9 2,2 0,4 0,9 1,1 0,3 0,4 0,0 0,0 0,0 0,0 0,7 0,0 0,0 0,0 0,0
Angulogerinaangulosa 0,8 0,5 2,2 1,4 1,6 0,6 1,0 3,5 13,2 13,7 17,4 21,1 19,9 14,7 16,2 10,2 1,5 6,3 1,4 1,8
Articulinatubulosa 0,0 0,0 0,3 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,4 0,0 0,0 0,0 0,0 0,7 0,0 0,0 0,0 0,0
Asterigerinatamamilla 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,3 0,0
Astrononionstelligerum 0,0 0,5 0,0 0,7 0,3 0,0 0,6 0,0 1,3 0,3 0,2 0,3 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0
Bigenerinanodosaria 0,0 2,8 1,1 0,7 0,5 0,8 0,6 1,2 0,8 0,0 1,0 0,9 0,7 0,3 0,2 1,0 0,4 1,0 0,0 0,4
Biloculinelladepressa 0,0 0,0 0,3 0,0 0,3 0,4 0,0 0,0 0,5 0,0 0,4 0,0 0,2 1,1 0,0 0,0 0,0 0,3 0,0 0,0
Biloculinellainflata 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,6 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0
Biloculinellalabiata 0,0 0,5 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Bolivinapsudoplicata 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0
Bolivinapsudopunctata 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Brizalinaalata 0,0 0,0 0,0 0,7 0,0 0,2 0,0 0,9 0,5 0,3 0,0 0,6 0,2 0,0 0,2 0,3 0,0 0,3 0,7 0,0
Brizalinaalbatrossi 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,3 0,0 0,3 0,2 0,0 0,0 0,0
Brizalinadilatata 0,8 0,5 0,8 0,3 0,5 0,2 0,4 0,6 0,8 1,0 1,0 0,3 1,4 0,6 5,4 1,7 0,4 3,0 1,4 0,9
Brizalinasubaenariensis 0,4 0,5 0,8 1,4 0,8 0,2 0,2 0,3 1,3 1,0 0,8 1,1 1,9 3,0 1,5 3,1 8,5 7,3 10,8 6,7
Buliminaaculeata 0,8 0,0 1,1 0,7 0,8 0,8 0,6 1,2 0,3 1,4 0,8 2,0 1,7 1,9 0,7 0,7 1,7 1,7 5,2 3,1
Buliminacostata 2,0 3,3 1,1 2,0 2,4 4,1 1,2 4,9 4,0 4,1 1,0 1,7 0,9 0,3 0,0 0,3 0,0 0,3 0,3 0,0
Buliminaelongata 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,4 0,0 0,0 0,0 0,2 0,0 0,0 0,7 0,0 0,0
Buliminamarginata 1,6 2,4 0,8 2,4 1,6 0,8 1,4 2,3 1,9 7,5 5,5 5,4 5,7 9,1 5,0 5,1 3,1 3,3 2,8 4,0
Buliminastriatamexicana 15,0 19,0 14,2 14,2 19,9 13,4 17,3 10,4 7,3 7,5 5,3 4,0 4,3 5,0 6,1 4,1 1,0 3,0 1,0 0,4
Cassidulinalaevigata 2,0 1,4 1,7 1,4 1,1 1,4 0,2 0,9 2,2 4,8 4,4 4,0 3,1 3,6 3,7 4,4 26,4 12,0 19,6 35,6
Cassidulinaoblonga 0,0 0,5 0,3 0,0 0,5 0,4 0,2 0,6 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Cassidulinoidesbradyi 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,5 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Chilostomellaoolina 0,0 0,9 0,0 0,7 0,3 0,4 2,5 8,4 2,2 1,0 0,8 1,1 0,0 0,0 0,2 0,7 0,0 0,3 0,0 0,0
Cibicideslobatulus 1,6 1,9 2,0 3,4 2,1 2,6 1,4 1,4 1,9 0,7 0,6 1,4 0,9 0,6 0,2 0,0 0,2 1,3 0,3 0,0
Cibicidesspp. 0,0 0,0 0,0 0,3 1,6 1,4 0,8 0,0 0,0 0,7 0,4 0,3 0,5 0,3 0,2 0,0 0,0 0,0 0,7 0,0
Cibicidoidespachydermus
s.l.
0,8 2,4 1,7 2,4 2,4 3,7 2,7 2,6 3,5 1,0 1,2 1,7 1,7 0,6 1,1 1,0 1,7 1,3 0,3 0,0
Cibicidoidesspp. 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,5 0,0 0,0 0,0 0,0 0,0 0,3 0,0
Cornuspirainvolvens 0,0 0,0 0,0 0,7 0,3 0,4 0,0 0,3 1,6 0,3 0,4 0,6 0,0 0,6 0,4 0,0 0,0 1,0 0,7 0,9
Dentalinaalbatrossi 0,4 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Dentalinaspp. 0,0 0,0 0,0 0,0 0,3 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Discamminacompressa 0,4 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Discanomalina
semipunctata
0,4 0,5 0,0 1,4 0,8 1,2 0,6 0,6 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0
Table6.A.1: Species abundance of benthic foraminifera (size fraction 150500 μm) in sediment core
GeoB111851.
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CoreDepth[cm] 23 28 33 38 43 48 53 58 63 68 73 78 83 88 93 98 103 108 113 118
SPECIES[%]                    
Discorbinellabertheloti 0,0 0,0 0,3 0,3 1,9 1,2 1,9 1,2 2,2 1,0 0,6 0,9 0,9 1,9 1,3 0,7 0,2 0,7 0,3 0,0
Discorbisspp. 0,4 0,5 0,3 0,7 0,8 0,0 0,0 0,0 0,3 0,0 1,8 1,4 0,2 0,8 0,0 1,4 0,4 0,3 1,4 0,0
Elphidiumspp. 0,8 0,0 0,0 0,0 0,8 0,2 0,0 0,0 0,5 0,7 1,2 0,9 0,2 0,3 0,0 1,0 6,0 5,3 9,1 9,8
Epistominellarugosa 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Fissurinaspp. 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,8 1,0 0,4 0,6 0,0 0,0 0,0 0,0 0,0 0,7 0,3 0,9
Fursenkoinacf.acuta 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Fursenkoinamexicana 0,0 0,0 0,3 0,0 0,3 0,0 0,0 0,6 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,3 2,3 0,0 1,4 0,9
Gavelinopsispraegeri 0,0 0,5 0,8 1,4 0,5 0,6 0,2 0,3 0,3 0,0 0,6 0,3 0,2 0,3 0,0 0,7 0,4 0,7 1,4 1,3
Glandulinaspp. 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,3 0,0
Globobuliminaaffinis 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,6 0,0 0,3 0,0 0,0 0,7 0,0 0,0 0,0 0,0 0,0 0,7 0,0
Globobulimina
pseudospinescens
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,3 0,2 0,0 0,2 0,0 0,0 0,0
Globobuliminaspp. 0,0 0,0 0,0 0,0 0,8 0,2 0,4 0,0 0,0 0,0 0,4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Glomospiracharoides 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Guttulinacf.communis 0,4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Gyroidinoidesorbicularis 1,6 0,9 1,7 1,7 1,9 2,8 1,0 1,4 0,8 2,4 0,8 0,0 0,2 0,8 0,2 1,7 0,0 1,0 0,3 0,0
Gyroidinoidesneosoldanii
s.l.
2,4 3,8 0,8 1,7 1,3 1,0 2,5 3,7 3,5 1,0 2,2 1,7 2,8 3,0 2,0 2,7 2,3 4,3 0,3 0,9
Gyroidinoidesumbonatus 0,4 0,5 0,0 0,0 0,5 0,6 0,8 0,0 0,8 1,0 0,4 0,6 0,2 0,3 0,0 0,7 9,6 1,0 6,3 2,7
Haynesinaspp. 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,5 0,3 0,2 0,0 0,0 0,3 0,0 0,0 0,2 0,7 2,1 0,9
Hoeglundinaelegans 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,6 0,0 0,0 0,2 0,3 0,0 0,3 0,0 0,0
Hyalineabalthica 1,2 1,4 2,5 1,0 0,8 0,6 1,2 1,7 2,7 2,7 4,2 4,0 4,3 3,6 3,4 8,2 6,2 4,7 2,8 4,0
Laevidentalinaflexuosa 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0
Lagenaspp. 0,4 0,5 1,1 0,7 0,0 0,2 0,2 0,0 0,3 0,0 0,6 0,0 0,2 0,0 0,2 0,0 0,0 0,7 1,0 0,0
Lenticulinacalcar 0,0 0,9 0,3 0,0 0,0 0,0 0,2 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,4
Lenticulinacultrata 0,0 0,0 0,6 1,0 0,0 0,4 0,2 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Lenticulinaorbicularis 1,2 0,9 1,7 1,4 0,8 2,4 1,9 0,0 0,5 0,3 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Lenticulinaspp. 0,0 0,5 0,0 0,0 0,0 0,0 1,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Marginulinaspp. 0,4 0,9 0,3 0,0 0,0 0,2 0,2 0,3 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Marginulinopsisspp. 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Melonisbarleeanum 2,8 3,8 0,8 3,4 2,4 2,8 1,9 2,9 2,7 1,7 3,8 1,7 4,3 3,0 1,5 3,8 8,5 4,0 3,1 4,9
Miliolinellaspp. 0,0 0,0 0,0 0,0 0,3 0,4 0,0 0,0 0,0 0,7 0,2 0,3 0,5 0,0 0,2 0,3 0,0 0,0 1,4 0,4
Miliolinellasubrotundas.l. 1,2 0,5 2,0 1,7 0,8 2,6 1,4 1,2 1,6 1,7 3,6 1,4 0,9 1,4 1,3 0,3 0,0 0,3 0,0 0,0
Neoconorbinaterquemi 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,3 0,0
Neolenticulinaperegrina 0,0 0,0 0,0 0,0 0,3 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Nonionasterizans 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,4
Noniondepressulum 0,0 0,0 0,0 0,0 0,0 0,2 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,4 0,3 0,0 0,4
Nonionellaturgida 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,7 0,0 0,6 0,0 0,0 0,0 0,0 0,0 0,0 0,7 0,0
Nummoloculinacontraria 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Oolinaspp. 0,0 0,0 0,0 0,0 0,3 0,2 0,0 0,0 0,0 0,3 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,4
Paracassidulinaminuta 3,6 3,8 3,6 4,4 3,5 3,3 1,9 1,2 2,2 1,0 0,0 0,0 0,5 0,3 0,4 0,3 0,0 0,0 0,0 0,0
Patellinacorrugata 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Placopsilinasp. 0,8 0,0 0,6 1,0 0,5 0,6 0,2 0,0 0,5 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Planorbulina
mediterranensis
0,0 0,0 0,0 0,0 4,0 3,3 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 1,5 0,3 0,4 0,7 0,3 0,4
Planulinaariminensis 4,5 3,8 3,4 4,1 0,0 0,0 4,3 3,2 2,7 1,0 1,6 1,7 1,2 1,9 0,0 0,7 0,2 0,3 0,7 0,0
Polymorphinaspp. 0,0 0,0 0,0 0,0 0,0 0,4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0
Pseudoclavulinacrustata 4,0 1,4 4,2 4,7 3,2 5,3 3,5 1,7 1,3 2,7 0,4 1,1 1,9 2,2 1,3 1,7 0,4 0,7 0,0 0,0
Pseudotriloculinalaevigata 0,0 0,5 0,0 0,0 0,3 0,6 0,0 0,0 0,5 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,3 0,0
Pseudotriloculinaoblonga 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,3 0,0 0,3 0,0 0,0 0,0 0,0 0,3 0,0
Pulleniabulloides 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Table6.A.1(continued)
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CoreDepth[cm] 23 28 33 38 43 48 53 58 63 68 73 78 83 88 93 98 103 108 113 118
SPECIES[%]                    
Pulleniasalisburyi 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,3 0,0 0,0 0,0 0,0 0,0 0,0
Pulleniasubcarinata 1,2 0,5 0,3 0,7 1,1 0,6 0,6 0,3 1,9 1,0 0,6 0,0 0,5 0,6 0,2 0,3 0,2 0,3 0,0 0,0
Pyrgocf.murrhina 0,4 0,0 0,0 0,3 1,1 0,8 0,0 0,0 0,0 0,0 0,6 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,3 0,0
Pyrgocomata 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Pyrgoelongata 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,3 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Pyrgoinornata 0,0 0,0 0,0 0,0 1,1 0,2 0,0 0,0 0,0 0,0 0,0 1,1 0,2 0,0 0,0 0,3 1,7 0,3 1,4 2,2
Pyrgospp. 0,0 0,0 0,3 0,0 0,0 0,0 0,2 0,3 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,3 0,0
Pyrgoellasphaera 0,0 0,0 0,0 0,3 0,0 0,2 0,0 0,0 0,0 0,3 0,4 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0
Quinqueloculinalaevigata 0,0 0,5 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Quinqueloculinamilletti 0,8 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Quinqueloculinapadana 0,0 0,5 0,3 0,0 0,3 0,0 0,2 0,0 0,5 0,7 0,8 0,9 0,5 0,3 0,7 0,3 0,4 0,0 0,3 0,0
Quinqueloculinaseminula 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,4
Quinqueloculinaspp. 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 2,0 2,0 0,6 0,2 1,1 0,4 0,3 0,6 0,7 1,4 0,9
Quinqueloculinavenusta 0,8 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0
Quinqueloculinaviennensis 0,0 0,0 0,3 0,3 0,5 0,0 0,4 0,0 0,5 0,3 1,4 1,4 0,2 0,6 1,3 0,7 0,2 0,3 1,0 0,4
Reophaxsp. 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,5 0,3 0,9 0,3 0,0 0,7 0,0 0,0
Repmaninacharoides 1,6 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Reussellaspinulosa 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,4 0,3 0,0 0,4
Rhabdamminasp. 0,4 0,5 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0
Robertinoidestranslucens 0,0 0,0 0,0 0,0 0,0 0,2 0,6 0,3 0,5 0,0 0,0 0,3 0,2 0,0 0,0 0,0 0,0 0,0 0,3 0,0
Rosalinabradyi 0,4 0,5 1,7 1,0 0,8 0,4 0,6 0,9 2,4 2,7 0,4 0,0 0,7 0,6 0,4 0,0 0,2 0,0 0,0 0,4
Rosalinaspp. 0,0 0,0 0,0 0,0 0,3 0,2 0,0 0,3 0,3 0,3 0,2 0,0 0,0 0,0 0,0 0,0 0,2 0,3 0,3 0,9
Rotamorphinainvoluta 0,0 0,0 1,1 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Sigmoilinacostata 0,4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Sigmoilinasigmoidea 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Sigmoilinitatenuis 0,0 0,0 0,0 0,7 0,0 0,4 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Sigmoilopsisschlumbergeri 2,8 1,9 1,4 1,7 1,1 1,4 1,2 0,3 0,8 0,7 0,8 0,6 1,9 0,0 1,1 1,0 0,4 0,0 0,0 0,0
Siphonapertaaspera 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Siphoninareticulata 0,8 0,9 0,8 0,3 0,0 0,6 0,0 0,3 0,3 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Siphotextularia
heterostoma
0,4 0,0 0,8 0,7 0,5 0,4 0,4 0,3 1,6 1,0 1,4 0,9 0,5 0,3 0,6 1,4 0,2 0,0 0,3 0,0
Sphaeroidinabulloides 2,4 2,4 1,4 2,7 1,6 3,3 3,5 1,4 2,2 1,4 1,4 2,3 1,2 4,2 1,9 1,7 1,0 1,0 0,3 1,3
Spiroloculinasp. 0,0 0,0 0,0 0,0 0,3 0,0 0,2 0,0 0,0 0,0 0,2 0,3 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0
Spiroplectinellasagittula 0,0 0,0 0,8 0,3 0,0 0,2 0,4 0,0 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Textulariaagglutinans 0,8 1,9 2,2 0,7 1,1 0,6 1,2 0,6 0,5 0,7 0,8 2,3 0,7 1,7 2,2 1,0 0,2 1,7 0,0 0,0
Textulariapala 1,6 1,4 5,9 5,1 4,5 3,3 4,3 2,6 3,0 2,7 1,8 1,7 1,7 3,0 0,4 1,7 0,0 1,0 0,0 0,0
Triloculinatricarinatas.l. 0,8 0,5 0,3 0,3 0,8 1,0 0,6 0,0 0,8 0,7 1,2 2,0 0,7 0,6 0,9 0,3 0,0 0,3 0,7 0,0
Triloculinasp.1 0,8 0,5 0,0 0,0 0,0 0,0 0,2 0,3 0,0 0,3 0,2 0,0 0,0 0,3 0,0 0,3 0,2 0,0 0,7 0,0
Triloculinaspp. 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 1,7 0,3 1,3 0,7 0,2 1,0 2,1 1,8
Uvigerinamediterranea 14,2 4,3 4,5 5,1 4,3 5,1 7,4 3,2 1,9 6,5 7,5 8,6 10,4 9,7 13,8 10,9 4,2 7,0 1,7 1,8
Uvigerinaperegrina 13,8 19,0 18,4 11,2 12,8 13,6 18,4 25,1 10,2 5,8 8,9 8,9 13,7 10,5 17,7 16,7 1,0 10,0 0,7 1,8
Uvigerinaproboscidea 0,0 0,0 0,6 0,7 0,3 0,6 0,2 0,9 2,2 1,7 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0
Valvulineriabradyana 0,0 0,0 0,6 0,0 0,3 0,0 0,0 0,3 0,0 0,0 0,6 0,9 0,0 0,8 0,6 0,0 2,9 2,0 2,1 1,8
spec.indet.agglutinated 0,0 0,5 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,2 0,0 0,0 0,0 0,2 0,0 0,0 0,0
spec.indet.hyaline 0,4 0,0 0,3 0,3 0,3 0,0 0,4 0,0 0,0 0,0 0,2 0,3 0,5 0,3 0,0 0,0 0,4 0,0 0,0 0,4
                    
Testscounted 247 211 358 295 376 492 485 347 372 293 495 350 423 361 537 293 481 301 286 225
Splitcounted 1/8 1/8 1/4 1/4 1/8 1/4 1/4 1/2 1/4 1/8 1/4 1/8 1/8 1/8 1/8 1/4 1 1/2 1 1
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Coredepth Diversity Diversity HO LO OxygenIndex Oxygen
[cm] [H(S)] normalized [%] [%]  [mll1]
23 3,19 0,91 16,60 2,02 0,90 4,41
28 3,11 0,88 14,22 4,27 0,83 3,83
33 3,31 0,94 13,97 1,68 0,92 4,50
38 3,43 0,98 18,31 2,71 0,92 4,22
43 3,36 0,95 14,89 3,72 0,88 3,96
48 3,44 0,98 19,11 4,67 0,89 3,73
53 3,19 0,91 15,46 4,12 0,85 3,86
58 3,09 0,88 11,53 14,99 0,66 1,96
63 3,51 1,00 16,40 6,72 0,85 3,29
68 3,52 1,00 15,02 5,80 0,86 3,48
73 3,40 0,97 17,58 2,22 0,93 4,35
78 3,26 0,92 15,43 2,86 0,88 4,18
83 3,09 0,88 12,53 1,65 0,88 4,51
88 3,22 0,91 10,80 0,83 0,92 4,75
93 2,91 0,83 9,68 0,37 0,89 4,88
98 3,19 0,91 8,87 1,37 0,89 4,59
103 2,84 0,81 5,82 2,49 0,75 4,28
108 3,35 0,95 8,97 0,66 0,94 4,80
113 3,23 0,92 14,69 2,45 0,89 4,29
118 2,69 0,76 7,11 0,89 0,83 4,73



Table6.A.2: Estimates of bottomwater oxygenation at siteGeoB 111851.HO=HighOxygen Indicators
(Miliolids, except Articulina tubulosa + Cibicides spp. + Cibicidoides spp. + Gyroidinoides orbicularis +
Planulina ariminensis); LO = Low Oxygen Indicators (Bulimina costata + Cassidulinoides bradyi +
Chilostomella oolina + Fursenkoina spp. + Globobulimina spp.). OxygenIndex calculated according to
Schmiedletal.[2003];OxygenassessedaccordingtoJorissenetal.[2007].
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7 ColdwatercoralgrowthintheAlboranSeatriggeredbyhighproductivity
duringtheLatePleistoceneandHolocene
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ColdwatercoralsarecommonalongtheMoroccancontinentalmarginoffMelillainthe
Alboran Sea (western Mediterranean Sea), where they colonise and even built substantial
moundandridgestructures.RadiocarbonagesofthetworeefformingcoralspeciesLophelia
pertusa andMadrepora oculata revealed that theywere prolific in the area during the last
glacialinterglacial transitionwith pronounced growth periods covering theBøllingAllerød
interstadial(13.512.9ka,andprobablybefore)andtheEarlyHolocene(11.29.6ka).Their
proliferationduringtheEarlyHolocene isexpressed in impressiveverticalgrowthrates for
an individual coral ridge of 230265 cm ka1 that consists of coral fragments embedded in
hemipelagic sediment matrix. Following a period of coral absence, coldwater corals re
colonisedtheareaduringtheMidHolocene(5.4ka)andthrivethereuntil today. Itappears
that periods of sustained coldwater coral growth in theMelilla Coral Province are closely
linked to phases of high marine productivity. Those phases were related to the deglacial
formationofthemostrecentorganicrichlayer(ORL1)inthewesternMediterraneanSeaand
thedevelopmentofmoderncirculationpatternsintheAlboranSea.

Keywords:2	'	 +	
: .2	*	
 (		
 Q	
D 
>	D
   
 
 
M%# 0
		

2	' 	 	 
R 

>' 	D 	
  	F
	


 
 VRoberts et al., 2006W% .	
	  
 
	 	
 	' 	
	D  
 
 	  
 
	 +
 VRoberts et al., 2006W  
D 	 
  	  	

 VFreiwald et al., 1997; Fosså et al., 2005W

	
	Y&""

 VKenyon et al., 2003; Mienis et al., 2007;
Wheeler et al., 2007W% A 	 >	

 '
	
 

 	' 	 >
 Lophelia pertusa 
 Madrepora oculata
VFreiwald et al., 2004W% :	 		
	 
  	   >	>
 
  	 
 	
 	
L.pertusa3
>
	J'
#JZ2VRobertsetal.,2006;Freiwaldetal.,2009W 


D
		&#%M'&N%N\VFreiwaldet
al., 2004; Davies et al., 2008W 
  	PD

	

 	 !%L'M%!'# VDavies et al., 2008W%
.		  	' 	  
2GB'9+A42G4+B4G9A(0A(+BG4+:+  
J"
>
	
  
  >
 	


		>>DVDuineveldetal.,2004W%G

	
 
   
 D  

>	D   	
   
 	
 
	 
 D  D 
 D	D

  
 D  		 
 	


VMessingetal.,1990;Frederiksenet
al., 1992; White, 2007W  	   		
>		F
VDuineveldetal.,
2004W%

 	> 	 	
	
 	'
 	 
 	   	 
 
 % 9
  	
	>
	

	
			 

 	
  	 
   
>	
'		
VHuvenneetal.,
2009W%G
		
	
 	>P   ;%%  	
	
< 	>	 	 	 


P	>
%
0
 	
    	 
	

	

 	
	
    	
 	    
  
	
 	
	 	 
 		
 	  	 '>
VDorscheletal.,2005;Robertsetal.,2006;Kanoet
al.,2007W%(
 	
'	>


	 >
 	 	 	
  D

 	  
	

 
  

	

>	>D		'	%
A .

 : >
D 	

	'		D 
	

>  
 
D	
 
 	D 		> ;%%
	
<    	
 ;	< 	
 

	
VTavianietal.,2005b;
Freiwald et al., 2009 
 
 
[
Hebbeln et al., 2009; Orejas et al., 2009W% 	
		> 
	
B*	
mD*	

	'
	
.

:V
 D Taviani et al., 2005aW% ' 

		
  	 	' 	 >
	 	  
  .

 :
 	
 	 	

		 	 	  B *	
 

(		
	
	>		

Q	
 D 	 
 VMcCulloch et al.,
2010W%(	 	>	
	D
	
	>
	>	D
'	
	>%2	

	

 ' 
D 	 	

P
 	 	 R
 	 
.

:
%
 	
 ' 	' 	
	 	
 	  .		
 
 	
. ;+	
 :<   D >	 
 
 
	 	
'	>

	 	' 	 
  

.

 :   
 	? 	

D  
	

 	
 	 
	
	 	 	>
 
  
	
>	.


%

M%! 4	


7.2.1 AlboranSea
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7.2.2 Studyarea–MelillaCoral
Province(MCP)
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Figure7.1: (a)Bathymetricmapof theAlboranSea (contour interval500 m)showing the locationof the
studyarea(MelillaCoralProvince:250450mwaterdepth).Displayedarethemajorphysiographicfeatures
(SoG:StraitofGibraltar,~300mwaterdepth;DB:DjiboutiBank,~350mwaterdepth;AT:AlboranTrough,
~1,800mwaterdepth;AR:AlboranRidge,100mwaterdepth;AB:AlgerianBasin,>2,500mwaterdepth),
themain flow patterns of surface circulation (WAG:West Alboran Gyre, EAG: East Alboran Gyre,AAG:
Atlantic Anticyclonic Gyre and AC: Algerian Current) and areas of today’s high fertility zones (shaded),
modifiedafterTintoreetal. [1988],PrieurandSournia [1994], L'Helguenetal. [2002]andBárcenaetal.
[2001].(b)Schematiccrosssectionshowingthemainwatermasses(MAW:ModifiedAtlanticWater,LIW:
Levantine Intermediate Water,WMDW: Western Mediterranean Deep Water) modified after Jimenez
Espejoetal.[2008].
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Figure7.2: Multibeam image of the study site
withinthenorthernMelillaCoralProvince(MCP)off
northern Morocco. Coldwater coral mounds and
ridges are labelled in italics (BRIIII: Brittlestar
Ridges IIII,Nm: Newmound,Hm: Horsemound).
Indicated are the locations of sampling sites
(GeoB137xxx,redgravitycores,blackboxcores
and ROV sampling positions, see Table7.1). For
waterdepthseecolourcode.Note,theMCPfurther
extends to the south [Comas and Pinheiro, 2007;
Comasetal.,2009].
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7.3.2 Agedeterminationoncoral
fragments
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7.3.3 OffmoundcoreGeoB137311
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Station Area Gear
Latitude
[N]
Longitude
[W]
Water
depth[m]
Recovery
[cm]
GeoB137282 BRI GC 35°26.28’ 02°30.89’ 343 364
GeoB137291 BRI GC 35°26.07’ 02°30.83’ 442 447
GeoB137301 BRI GC 35°26.20’ 02°30.87’ 338 434
GeoB137281 BRI BC 35°26.28' 02°30.89' 343 1020
GeoB137271#1 BRI ROV 35°26.16' 02°30.84' 363 
GeoB137271#2 BRI ROV 35°26.16' 02°30.86' 353 
GeoB137252 BRII BC 35°26.71' 02°31.62' 355 <1
GeoB137351 BRIII BC 35°28.08' 02°33.58' 313 1021
GeoB137371#1 BRIII ROV 35°28.01' 02°33.63' 299 
GeoB137371#2 BRIII ROV 35°28.06' 02°33.56' 297 
GeoB137223 Hm BC 35°21.04' 02°32.11' 280 2732
GeoB137231 Nm BC 35°21.05' 02°34.82' 291 20
GeoB137311 Offm GC 35°24.80’ 02°33.22’ 362 431
Table7.1: Metadata of sampling stations (GC  Gravity Corer; BC  Box Corer; ROV  Samples collected
duringdiveswiththeremotelyoperatedvehicleROVCherokee)visitedduringRVPoseidoncruisePOS385
intheMelillaCoralProvince(AlboranSea).Abbreviations:BRIIII:BrittlestarRidgesIIII,Hm:Horsemound,
Nm:Newmound,Offm:Offmound.
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Station
GeoB137xxx
Area
Coredepth
[cm]
Type SampleID#
14Cage
[year]
1error
[±year]
1cal.age
(68%)[year
BP,P=1950]
1error
[±year]
282 BRI 2 Lp UCIAMS73567 3,135 20 2,830 30
282 BRI 191 Lp UCIAMS73568 11,415 30 12,920 70
282 BRI 295 Lp UCIAMS73569 11,700 30 13,180 60
291 BRI 2.5 Lp UCIAMS73570 9,085 30 9,630 50
291 BRI 49 Lp UCIAMS73571 9,330 25 10,070 100
291 BRI 140 Lp UCIAMS73572 9,705 25 10,510 50
291 BRI 315 Lp UCIAMS73573 9,935 30 10,900 140
291 BRI 375 Lp UCIAMS73574 10,225 30 11,240 30
301 BRI 6 Lp UCIAMS73575 2,805 25 2,420 50
301 BRI 102 Lp UCIAMS73576 9,700 25 10,500 50
301 BRI 194 Lp UCIAMS73577 9,810 25 10,640 50
301 BRI 298 Lp UCIAMS73578 10,230 25 11,240 20
301 BRI 427 Lp UCIAMS73579 11,825 30 13,310 50
281 BRI bulk(015) Mo UCIAMS67187 2,855 15 2,570 100
281 BRI bulk(015) Lp UCIAMS67188 2,900 15 2,600 70
271#1 BRI Surface Lp UCIAMS67077 695 15 380 50
271#2 BRI Surface Mo UCIAMS67078 2,670 20 2,280 60
252 BRII Surface Mo UCIAMS67076 4,870 15 5,160 90
351 BRIII bulk(015) Mo UCIAMS67190 3,820 15 3,670 20
371#1 BRIII Surface Lp UCIAMS67192 12,025 35 13,510 60
371#2 BRIII Surface Lp UCIAMS67193 11,515 30 13,010 50
223 Hm bulk(015) Mo UCIAMS67069 3,210 15 2,910 30
223 Hm bulk(1530) Mo UCIAMS67071 3,575 20 3,400 30
231 Nm bulk(08) Mo UCIAMS67074 4,560 20 4,720 70
231 Nm bulk(820) Mo UCIAMS67075 5,045 20 5,400 50
Table7.2:AMS14Cdatesdeterminedoncoldwatercoralfragments(Lp,Lopheliapertusa;Mo,Madrepora
oculata)sampledfromcoralmoundsandridgesintheMelillaCoralProvince(BRIIII:BrittlestarRidgesIIII,
Hm:Horsemound,Nm:Newmound).TheAMS14Cageswerecorrectedfor13Candameanreservoirageof
400 yrs, and were converted into calendar years using the CALPAL 2007Hulu software [Joeris and
Weninger,1998].
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7.4.1 Coldwatercoralages
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Coredepth
[cm]
SampleID#
14Cage
[year]
1error
[±year]
1cal.age(68%)
[yearBP,P=1950]
1error
[±year]
Sedimentation
rate[cmka1]
8 UCIAMS78807 550 15 160 100 
128 UCIAMS78808 2,005 15 1,490 50 90
203 UCIAMS78809 4,035 15 3,950 30 30
328 UCIAMS78810 9,480 20 10,240 20 20
353 UCIAMS78811 11,630 25 13,150 60 9
368 UCIAMS78812 14,775 35 17,640 60 3
423 UCIAMS78813 19,345 50 22,790 90 11
Table7.3: AMS 14C ages ofmultispecies samples of planktonic foraminifers from ‘offmound’ sediment
coreGeoB137311.TheAMS14Cageswerecorrectedfor13Candameanreservoirageof400yrs,andwere
converted into calendar years using the CALPAL 2007Hulu software. Estimated sedimentation rates are
attached.
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7.4.2 Verticalgrowthrateofthe
coralridge"BrittlestarI"
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7.4.3 Palaeoenvironmental
conditionsduringtheLate
PleistoceneandHolocene
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7.5.1 Morphologyanddevelopmentof
coralmoundsandridgesinthe
MelillaCoralProvince
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Figure7.3:DatasetofmultiproxyanalysesoftheoffmoundsedimentcoreGeoB 137311fromtheMelilla
CoralProvince(MCP)offnorthernMoroccocomparedwithcoldwatercoralages:(a)radiocarbonagesof
coral fragments collected from sediment cores (filled diamonds) and surface coral samples (open
diamonds);oldercorals(e.g.>13.5ka)mightoccurbeyondthereachoftheavailablesedimentcores;(b)
Ca/(Ca+Fe) ratio; (c) Si/(Si+Al) ratio; (d)meangrain size [μm]of the terrigenous fraction; (e) sea surface
temperatures(SST)[°C]fromAlboranSeasedimentcoreMD952043[Cachoetal.,1999];(f)stableoxygen
isotopeof theNGRIP icecore record [NGRIPMembers,2004]; (g) stableoxygen isotoperecord [‰PDB];
reverse axis; (h) estimated sedimentation rate [cmka1].Highlighted in grayareperiodsof coral growth.
IndicatedistheperiodofORL1formation[14.58.2kaafterJimenezEspejoetal.,2008].
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7.5.2 Palaeoenvironmentalcontrolon
coldwatercoralgrowthinthe
MelillaCoralProvince
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GeoB137291 (filled diamonds) and GeoB137301
(open triangles) based on radiocarbon dating [ka].
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(MCP) off northern Morocco within this period
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Bycompilingallavailableagesofthedominantframeworkbuildingscleractiniancold
water coral species Lophelia pertusa and Madrepora oculata since the last glacial from
literature review and own studies, distinct spatial and temporal differences between the
eastern and western Mediterranean subbasins appear. During the last glacial period, the
entireMediterranean Seawas characterised by scarce coldwater coral colonisation before
they became abundant during the deglacial after ~14ka. Whereas in the western
Mediterranean Sea the initial deglacial coldwater coral growth was forced by increased
primary production and well ventilated intermediate water masses prevailing during the
formationofthesocalledorganicrichlayer1(ORL1,~14.5to8.2ka),favourableconditions
for coldwater corals in the eastern basinwere established only during the YoungerDryas
(YD, 12.9 to 11.7 ka). However, in the Alboran Sea, as the westernmost part of the
Mediterranean Sea, the YD is characterised by an absence of coldwater corals induced by
enhanced inflow of Atlantic waters during this cold event, which led to environmental
instabilities. During the deposition of sapropel S1 in the deep eastern Mediterranean Sea,
dysoxicconditionsprevailinginintermediatewaterdepthscausedatemporalcoraldemisein
this basin (~11.5 to 5.9 ka). Moreover, the impaired formation of both, Levantine
IntermediateWater(LIW)intheeast(duringS1deposition)andWinterIntermediateWater
in the west (after ORL1 deposition), had a negative impact on the prosperity of western
Mediterranean coral ecosystems during the Mid Holocene. Along with the onset of LIW
formation(~6ka)coldwatercoralsrecolonisedtheentireMediterraneanSeaandthrived
therethroughouttheLateHoloceneuntiltoday.
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8.3.1 Coldwatercoralmaterial

RVPoseidonP>	
POS385	
 +	
 : VHebbeln et al., 2009W  	
>  	 	 	  D
Figure8.1:OverviewmapoftheMediterraneanSea.Displayedisthegeneral oceancirculationpatternin
theMediterraneanSea[modifiedafterLascaratosetal.,1999;MillotandTaupierLetage,2005;Hernández
Molina et al., 2006]. Blue arrows: Surface water circulation. Dasheddotted black arrows: Intermediate
watercirculation.Thickgreyarrows:Deepwatercirculation.Dottedblackarrows:MediterraneanOutflow
Water (MOW). Highlighted in grey are the areas of modern dense (deep and intermediate) water
formation.Displayedarethesamplingsitesofthisstudy(squares)andreferencelocations[dots;Datafrom
SchröderRitzrauetal.,2005;Malinvernoetal.,2010;McCullochetal.,2010;AngelettiandTaviani,2011;
Frank et al., 2011; Taviani et al., 2011; Fink et al., 2012; submitted]. Colour code indicates the regions
discussedinthisstudy:AlboranSea(AS):orange;deepWesternMediterraneanSea(dWMS):turquoise
SETyrrhenianSea(Ty),darkblue–NTyrrhenianSea, lightblue–BalearicSeas(Ba);StraitofSicily(SoS):
purple;EasternMediterraneanSea(EMS):darkgreen–CretanArc(Levantinebasin(Lev)andAegeanSea
(Ae)),lightgreen–Adriatic(Ad)andIonian(Io)Sea.SoG–StraitofGibraltar.
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8.3.2 Agedeterminationoncoral
fragments
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Studyarea StationGeoB# Gear Latitude Longitude
Waterdepth
[m]
Recovery
[cm]
AlboranSea(AS)      
ElIdrissi 137111 BC 36°05.71’N 03°33.18’W 308 15
ElIdrissi 137121 BC 36°05.42’N 03°33.27’W 450 5
ElIdrissi 137141 BC 36°05.71’N 03°33.19’W 303 17
ElIdrissi 13717#1 ROV 36°05.54’N 03°31.92’W 622 
ElIdrissi 137182 BC 36°05.67’N 03°31.95’W 534 1020
ElIdrissi 137183 BC 36°05.67’N 03°31.96’W 533 2338
ElIdrissi 13751#1 ROV 36°06.28’N 03°29.29’W 676 
ElIdrissi 13751#2 ROV 36°06.30’N 03°29.31’W 658 
ElIdrissi 13751#4 ROV 36°06.44’N 03°29.52’W 495 
ElIdrissi 137531 BC 36°06.47’N 03°29.55’W 498 bulk
ElIdrissi 137542 BC 36°06.39’N 03°29.47’W 512 bulk
ElIdrissi 137551 BC 36°06.28’N 03°29.32’W 621 <1
ElIdrissi 137591 BC 36°08.82’N 03°30.02’W 423 24
AlboranRidge 137471 BC 36°01.50’N 02°55.32’W 437 <1
AlboranRidge 137481 GC 36°01.53’N 02°55.35’W 456 28
MCP 137282 GC 35°26.28’N 02°30.89’W 343 364
MCP 137301 GC 35°26.20’N 02°30.87’W 338 434
StraitofSicily(SoS)     
UraniaBank 111352 GC 36°50.35’N 13°09.32’E 634 578
Table8.1:MetadataofsamplingstationsintheMediterraneanSea (GC GravityCorer;BCBoxCorer; ROV
Samplesretrievedduringdiveswithremotelyoperatedvehicle(ROV)Cherokee)visitedduringRVMeteor
cruiseM701andRVPoseidoncruisePOS385.
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8.3.3 Coralagecompilation
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Area
Station
GeoB#
Coredepth
[cm] Type Labcode
14Cage
[year]
1
error
[±year]
2(95.4%)calibrated
agerange
[yearBP,P=AD1950]
Median
probability
age
[yearBP]
AlboranSea(AS)      
ElIdrissi 137111_A bulk(015) Mo UCIAMS 67184 10,055 25 11,008  11,160 11,099
ElIdrissi 137121_A bulk(05) Mo UCIAMS 67050 10,210 30 11,149  11,241 11,197
ElIdrissi 137121_B bulk(05) Lp UCIAMS 67051 8,800 25 9,421  9,519 9,472
ElIdrissi 137141_A bulk(017) Mo UCIAMS 67053 8,300 20 8,759  8,973 8,879
ElIdrissi 137141_B bulk(017) Lp UCIAMS 67054 10,250 25 11,173  11,277 11,220
ElIdrissi 13717#1_A surface Mo UCIAMS 67055 8,915 25 9,496  9,654 9,559
ElIdrissi 137182_A bulk(015) Mo UCIAMS 67058 9,010 25 9,552  9,814 9,679
ElIdrissi 137183_A bulk(030) Lp UCIAMS 67059 8,405 25 8,942  9,100 9,007
ElIdrissi 13751#1_B surface Lp UCIAMS 67061 565 15 135  266 207
ElIdrissi 13751#2_A surface Mo UCIAMS 67062 760 20 320  465 409
ElIdrissi 13751#4_A surface Mo UCIAMS 67063 885 15 469  532 502
ElIdrissi 137531_A bulk(05) Lp UCIAMS 67064 4,670 15 4,829  4,954 4,883
ElIdrissi 137542_A bulk(05) Lp UCIAMS 67066 1,015 20 540  642 594
ElIdrissi 137551_A surface Mo UCIAMS 67067 4,830 20 5,029  5,247 5,135
ElIdrissi 137591_A bulk(024) Lp UCIAMS 67068 9,835 25 10,585  10,829 10,687
AlboranRidge 137471_A surface Mo UCIAMS 67196 3,550 15 3,364  3,505 3,431
AlboranRidge 137481_A 28 Lp UCIAMS 67197 8,750 20 9,379  9,487 9,436
MCP 137282 35 Lp UCIAMS 96720 10,280 20 11,196  11,308 11,240
MCP 137282 117 Lp UCIAMS 96721 11,310 25 12,646  12,908 12,766
MCP 137282 132 Lp UCIAMS 96722 11,385 25 12,667  12,975 12,833
MCP 137301 343 Lp UCIAMS 96723 10,390 20 11,260  11,445 11,383
MCP 137301 395 Lp UCIAMS 96724 11,335 20 12,660  12,919 12,789
StraitofSicily(SoS)      
UraniaBank 111352 187 Mo OZJ973 3,810 60 3,589  3,920 3,757
UraniaBank 111352 470 Lp OZJ974 5,410 60 5,637  5,908 5,783
Table8.2:AMS14Cdates determinedoncoldwatercoralfragments(Lp,Lopheliapertusa;Mo,Madrepora
oculata)sampledinthecentralandwesternMediterraneanSea.TheAMS14Cageswerecorrectedfor13C
andameanreservoirageof400yrs[Sianietal.,2001],andwereconvertedintocalendaryearsusingthe
Marine09 calibration curve [Reimer et al., 2009] of CALIB 6.0 software [Stuiver and Reimer, 1993].
Abbreviation:MCP–MelillaCoralProvince.
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Figure8.2: Compilation of datings on frameworkbuilding coldwater corals (Lophelia pertusa and
Madreporaoculata)fromtheMediterraneanSea(ad).ColourcodeisthesameasinFig.8.1andindicates
thesamplingregions.Frameddiamondsshowagesofthisstudy,unframeddiamondscomprisecoralages
compiledfromliterature.Notshownhereistheoldestage(47.9ka)ofoneL.pertusaspecimencollectedin
theStraitofSicily[McCullochetal.,2010].(a)EasternMediterraneanSea(EMS);compiledfromMalinverno
etal.[2010],McCullochetal.[2010],Taviani[2011]andFinketal.[2012].(b)StraitofSicily(SoS);compiled
fromMcCullochetal.[2010],AngelettiandTaviani[2011]andthisstudy.(c)deepWesternMediterranean
Sea(dWMS);compiledfromMcCullochetal.[2010]andFranketal.[2011].(d)AlboranSea(AS);basedon
SchröderRitzrauetal. [2005],McCullochetal. [2010],Franketal. [2011],Finketal. [submitted]andthis
study. (e) Sea level curve after Waelbroeck et al. [2002] (f) Sea Surface Temperatures (SST) [°C]:
reconstructedmeanannualSSTfromtheAlboranSeasedimentcoreMD592043[Cachoetal.,1999].
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Figure8.3:SchematicWEcrosssectionacrossthe MediterraneanSea(see(a) forprofile)showingphases
ofcoldwatercoralgrowthandtheprevailingenvironmentalsettingsduringthelast15ka.Colouredbars
indicatecoldwatercoralgrowthandthesamplingdepthofthedatedcoldwatercorals(basedonthecoral
age compilation shown in Fig. 8.2). Dashed bars indicate especially wide depth ranges resulting from
dredgedsampleshinderingtheassignmentofacertainsamplingdepthtoindividualcorals.Colourcodeis
thesameas inFigures8.1and8.2and indicatesthesamplingregion.Schematic foraminifers indicatethe
degreeofmarineproductivity in the surfacewaters.Displayedare themainwatermasses:Bluearrows:
Surfacewatercirculation(ModifiedAtlanticWater(MAW)andfreshwater).Dasheddottedblackarrows:
Intermediate water circulation (Levantine Intermediate Water (LIW) and Winter Intermediate Water
(WIW)).Greyarrows:Deepwater circulation (EasternMediterraneanDeepWater (EMDW)andWestern
Mediterranean Deep Water (WMDW). Dotted black arrows: Mediterranean Outflow Water (MOW);
continuedonnextpage
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Figure8.3(continued):Dashedblacklinesindicateroughlythewatermassboundaries;circlesanddashed
grey line in (c) display enhanced verticalmixing. Abbreviations: SoG: Strait of Gibraltar,WMS:Western
MediterraneanSea,AS:AlboranSea,dWMS:DeepWesternMediterraneanSea,SoS:StraitofSicily,EMS:
EasternMediterraneanSea,MCP:MelillaCoralProvince,SML:SantaMariadiLeuca,AdDW:AdriaticDeep
Water.(b)BøllingAllerød(12.915ka)(c)YoungerDryas(11.712.9ka)(d)EarlyHolocene(8.2~11.7ka)
(e)MidHolocene (5.9 8.2ka) (f)MidLateHolocene (<5.9ka)and recentcoraloccurrences [thickgrey
bars;afterFreiwaldetal.,2009;Hebbelnetal.,2009;Orejasetal.,2009].
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Station Studyarea Gear Latitude Longitude
Water
depth
[m] Reference
AlboranSea(AS)     
GeoB137282 MCP GC 35°26.28’N 02°30.89’W 343 Finketal.[submitted]
GeoB137291 MCP GC 35°26.07’N 02°30.83’W 442 Finketal.[submitted]
GeoB137301 MCP GC 35°26.20’N 02°30.87’W 338 Finketal.[submitted]
GeoB137281 MCP BC 35°26.28'N 02°30.89'W 343 Finketal.[submitted]
GeoB137271#1 MCP ROV 35°26.16'N 02°30.84'W 363 Finketal.[submitted]
GeoB137271#2 MCP ROV 35°26.16'N 02°30.86'W 353 Finketal.[submitted]
GeoB137252 MCP BC 35°26.71'N 02°31.62'W 355 Finketal.[submitted]
GeoB137351 MCP BC 35°28.08'N 02°33.58'W 313 Finketal.[submitted]
GeoB137371#1 MCP ROV 35°28.01'N 02°33.63'W 299 Finketal.[submitted]
GeoB137371#2 MCP ROV 35°28.06'N 02°33.56'W 297 Finketal.[submitted]
GeoB137223 MCP BC 35°21.04'N 02°32.11'W 280 Finketal.[submitted]
GeoB137231 MCP BC 35°21.05'N 02°34.82'W 291 Finketal.[submitted]
3048 NWCabliers
Bank
* 35°53.7'N 02°34.0W 501744 SchröderRitzrauetal.
[2005]
COBAS33 Spanishmargin dredge 36°30.79'36°30.85'N 2°49.19'2°50.11'W 429136 McCullochetal.[2010]
M511493 Spanishmargin dredge 36°43.20'36°43.23' 1°42.15'1°42.20'W 1041881 McCullochetal.[2010]
B743 Spanishmargin dredge 37°38.90'37°38.20'N 0°01.40'0°00.10'E 940260 McCullochetal.[2010]
VB7R AlboranSea * 36°30N 4°W * Franketal.[2011]
      
deepWesternMediterraneanSea(dWMS)   
COBAS109 Balearic dredge 40°01.14'40°01.55'N 4°23.37'4°23.10'E 366340 McCullochetal.[2010]
Franketal.[2011]
COBAS105 Balearic grab 40°02.49'N 4°21.03'E 382 McCullochetal.[2010]
COBAS99 Balearic grab 40°01.20'N 4°22.54'E 293 McCullochetal.[2010]
Franketal.[2011]
COBAS25 Balearic * 40°N 5°E 350550 Franketal.[2011]
COBAS115 Balearic * 40°N 5°E 350550 Franketal.[2011]
LM99124 NTyrrhenian
Sea
dredge 43°13.52'43°13.93'N 9°36.2582'9°36.51'E 411377 McCullochetal.[2010]
LM99136 NTyrrhenian
Sea
dredge 43°21.36'43°21.32'N 9°48.90'9°49.01'E 366358 McCullochetal.[2010]
LM99141 NTyrrhenian
Sea
dredge 43°13.47'43°13.97'N 9°36.26'9°36.86'E 406377 McCullochetal.[2010]
PS8820 SETyrrhenian
Sea
grab 40°06.96'N 14°46.57'E 274 McCullochetal.[2010]
      
StraitofSicily(SoS)     
CS9657 StraitofSicily dredge 37°09.55'37°10.53'N 12°40.80'12°42.51'E 22750 McCullochetal.[2010]
CS96242 StraitofSicily dredge 36°47.53'36°47.95'N 13°12.36'13°09.01'E 558322 McCullochetal.[2010]
MS71 StraitofSicily dredge 35°49.50’35°50.06’N 14°11.88’14°12.22’E 863606 McCullochetal.[2010]
MEDCOR25 StraitofSicily dredge 35°30.80’N 14°11.08’E 690 AngelettiandTaviani
[2011]
Table8.A.1:Metadata of all coral sampling stations referred to in the text. Abbreviations: SML  Santa
MariadiLeuca;MCPMelillaCoralProvince;GCGravityCorer;BCBoxCorer;ROVSamplesretrieved
duringdiveswithremotelyoperatedvehicle(ROV);*unknown.
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Station Studyarea Gear Latitude Longitude
Water
depth
[m] Reference
EasternMediterraneanSea(EMS)    
GeoB111851 SML GC 39°33.314’N 18°27.339’E 612 Finketal.[2012]
GeoB111861 SML GC 39°33.434’N 18°27.357’E 628 Finketal.[2012]
CR22 SML dredge 39°50.00'39°50.43N 17°37.75'17°38.01'E 1102985 McCullochetal.[2010]
CR69 SML dredge 39°28.26'39°29.63'N 18°21.96'18°22.48'E 786760 McCullochetal.[2010]
COR275 SML dredge 39°27.07'39°26.15'N 18°24.10'18°25.39'E 818829 McCullochetal.[2010]
COR2101C SML Ingegno 39°34.79'39°36.40'N 18°22.9118°22.97'E 519464 Malinvernoetal.[2010]
YD97DR3 Adriatic dredge 41°18.85'41°19.21'N 17°05.43'17°04.76'E 316246 McCullochetal.[2010]
YD97DR4 Adriatic dredge 41°18.10'41°17.68'N 17°11.72'17°09.55'E 585348 McCullochetal.[2010]
YD97DR5 Adriatic dredge *41°17.66'N *17°09.53'E *346 McCullochetal.[2010]
SE0613 Adriatic dredge 41°22.06'41°22.42'N 17°06.72'17°06.45'E 423286 McCullochetal.[2010]
GECO18 SKarpathos dredge 35°24.91'35°24.91'N 27°13.43'27°13.43'E 550453 McCullochetal.[2010]
GECO85 SERhodes dredge 35°49.94'35°50.07'N 27°55.57'27°54.96'E 762403 McCullochetal.[2010],
Tavianietal.[2011]
GECO77 SERhodes grab 35°49.98'N 27°55.2926'E 506 Tavianietal.[2011]
      
Table8.A.1(continued)
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SampleID Location Species Age[yrsBP;
P=AD1950]
234U[‰] 232Th
[ppt]
Reference
AlboranSea(AS)         
VB7R AlboranSea Lp 4,970 ± 440 148.8 ± 2.6 1.488* Franketal.[2011]
VB7R AlboranSea Mo 5,600 ± 250 152.1 ± 2.2 0.318* Franketal.[2011]
3048 NWCabliersBank Lp 8,500 ± 115 153.1 ± 2.4 1.989 SchröderRitzrauetal.[2005]
B743M Spanishmargin Mo 9,080 ± 70 150.2 ± 1.6 5.0 McCullochetal.[2010]
M511493LS Spanishmargin Lp 10,900 ± 60 147.0 ± 4.4 6.36 McCullochetal.[2010]
COBAS33LO Spanishmargin Lp 10,970 ± 100 151.0 ± 0.9 5.7 McCullochetal.[2010]
COBAS33LY Spanishmargin Lp 11,170 ± 80 150.4 ± 0.7 5.9 McCullochetal.[2010]
VB7R AlboranSea Lp 11,230 ± 330 150.7 ± 2.6 0.457* Franketal.[2011]
          
deepWesternMediterraneanSea(dWMS)        
PS8820L SETyrrhenianSea Lp 12,470 ± 70 148.5 ± 0.9 4.7 McCullochetal.[2010]
LM99136M NTyrrhenianSea Mo 260 ± 20 148.1 ± 1.5 0.24 McCullochetal.[2010]
LM99141M NTyrrhenianSea Mo 6,210 ± 60 151.0 ± 1.1 3.72 McCullochetal.[2010]
LM99124MO NTyrrhenianSea Mo 9,170 ± 60 148.0 ± 1.5 5.95 McCullochetal.[2010]
LM99124L NTyrrhenianSea Lp 12,180 ± 60 149.0 ± 1.9 7.05 McCullochetal.[2010]
COBAS115.MO Balearic Mo 772 ± 200 147.1 ± 4.8 0.503* Franketal.[2011]
COBAS25.MO Balearic Mo 5,827 ± 90 151.7 ± 4.5 6.657* Franketal.[2011]
COBAS99M Balearic Mo 6,980 ± 70 151.0 ± 1.4 4.2 McCullochetal.[2010]
COBAS99.LO Balearic Lp 10,890 ± 190 179.9 ± 5.6 5.963* Franketal.[2011]
COBAS105M Balearic Mo 12,020 ± 150 149.7 ± 1.7 8.1 McCullochetal.[2010]
COBAS105L Balearic Lp 12,610 ± 60 151.3 ± 0.9 15.8 McCullochetal.[2010]
COBAS109L Balearic Lp 12,820 ± 100 150.4 ± 1.3 6.2 McCullochetal.[2010]
COBAS109.LO Balearic Lp 13,480 ± 180 147.9 ± 6.2 0.533* Franketal.[2011]
          
StraitofSicily(SoS)         
CS96242L  Lp 11,850 ± 80 150.8 ± 1.0 7.49 McCullochetal.[2010]
CS9657M  Mo 15,970 ± 120 154.1 ± 1.4 10.87 McCullochetal.[2010]
MS71L  Lp 47,900 ± 180 144.4 ± 1.0 23.30 McCullochetal.[2010]
  

 
    
EasternMediterraneanSea(EMS)       
GECO18M SKarpathos Mo 11,914 ± 70 150.5 ± 1.0 5.9 McCullochetal.[2010]
GECO85M2 SERhodes Mo 11,970 ± 190 150.4 ± 1.3 7.7 McCullochetal.[2010]
GECO85M SERhodes Mo 12,250 ± 100 151.0 ± 0.9 8.3 McCullochetal.[2010]
COR275L SML Lp 34 ± 10 150.9 ± 2.1 0.2 McCullochetal.[2010]
CR22L SML Lp 12,440 ± 80 149.3 ± 1.2 6.46 McCullochetal.[2010]
CR69L SML Lp 12,560 ± 80 150.5 ± 1.1 6.48 McCullochetal.[2010]
YD97DR4M Adriatic Mo 220 ± 40 147.2 ± 1.4 0.2 McCullochetal.[2010]
YD97DR3M Adriatic Mo 380 ± 30 148.6 ± 0.8 0.3 McCullochetal.[2010]
YD97DR4L Adriatic Lp 1,420 ± 70 141.2 ± 0.8 0.8 McCullochetal.[2010]
YD97DR4BISL Adriatic Lp 1,860 ± 20 147.2 ± 1.0 1.0 McCullochetal.[2010]
YD97DR5M Adriatic Mo 5,090 ± 30 149.3 ± 1.1 3.0 McCullochetal.[2010]
SE0613L Adriatic Lp 17,550 ± 60 148.5 ± 0.9 12.3 McCullochetal.[2010]
          
 
 
 
 
Table8.A.2: Compiled UTh ages obtained on coldwater coral fragments (Lp, Lophelia pertusa; Mo,
Madreporaoculata) collected in theMediterraneanSeacomprising the last 50 kyrs.Abbreviation: SML 
SantaMariadiLeuca;*[ppb].
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SampleID Location Species
2range
Cal.Age
[yrsBP,P=AD1950]
Median
probability
age
[yearBP] 14Cage Reference
AlboranSea(AS)      
GeoB13727#1_A MCP Lp 285  406 339 695 ± 15 Finketal.[submitted]
GeoB13727#2_A MCP Mo 2,301  2,439 2,351 2,670 ± 20 Finketal.[submitted]
GeoB137301_6 MCP Lp 2,441  2,681 2,563 2,805 ± 25 Finketal.[submitted]
GeoB137281_A MCP Mo 2,526  2,708 2,642 2,855 ± 15 Finketal.[submitted]
GeoB137281_B MCP Lp 2,613  2,627 2,698 2,900 ± 15 Finketal.[submitted]
GeoB137282_2 MCP Lp 2,831  3,002 2,913 3,135 ± 20 Finketal.[submitted]
GeoB137223_A MCP Mo 2,934  3,114 3,018 3,210 ± 15 Finketal.[submitted]
GeoB137223_C MCP Mo 3,388  3,546 3,463 3,575 ± 20 Finketal.[submitted]
GeoB137351_A MCP Mo 3,687  3,84 3,770 3,820 ± 15 Finketal.[submitted]
GeoB137231_A MCP Mo 4,693  4,836 4,790 4,560 ± 20 Finketal.[submitted]
GeoB137252_A MCP Mo 5,072  5,275 5,201 4,870 ± 15 Finketal.[submitted]
GeoB137231_B MCP Mo 5,312  5,459 5,390 5,045 ± 20 Finketal.[submitted]
GeoB137291_2.5 MCP Lp 9,660  9,953 9,810 9,085 ± 30 Finketal.[submitted]
GeoB137291_49 MCP Lp 10,129  10,228 10,181 9,330 ± 25 Finketal.[submitted]
GeoB137301_102 MCP Lp 10,502  10,605 10,556 9,700 ± 25 Finketal.[submitted]
GeoB137291_140 MCP Lp 10,504  10,611 10,559 9,705 ± 25 Finketal.[submitted]
GeoB137301_194 MCP Lp 10,569  10,769 10,652 9,810 ± 25 Finketal.[submitted]
GeoB137291_315 MCP Lp 10,711  11,068 10,889 9,935 ± 30 Finketal.[submitted]
GeoB137291_375 MCP Lp 11,155  11,255 11,206 10,225 ± 30 Finketal.[submitted]
GeoB137301_298 MCP Lp 11,163  11,251 11,208 10,230 ± 25 Finketal.[submitted]
GeoB137282_191 MCP Lp 12,707  13,074 12,874 11,415 ± 30 Finketal.[submitted]
GeoB13737#2_A MCP Lp 12,821  13,128 13,005 11,515 ± 30 Finketal.[submitted]
GeoB137282_295 MCP Lp 13,108  13,285 13,194 11,700 ± 30 Finketal.[submitted]
GeoB137301_427 MCP Lp 13,176  13,393 13,291 11,825 ± 30 Finketal.[submitted]
GeoB13737#1_A MCP Lp 13,327  13,622 13,452 12,025 ± 35 Finketal.[submitted]
          
StraitofSicily(SoS)          
MEDCOR25  Lp 81  433 271 628 ± 68 AngelettiandTaviani
[2011]
         
EasternMediterraneanSea(EMS)        
GECO77M SERhodes Mo 11,741  12,268 12,019 10,67 ± 60 Tavianietal.[2011]
GECO85L SERhodes Lp 12,173  12,577 12,379 10,87 ± 60 Tavianietal.[2011]
GeoB111851_15.5 SML Lp 1,672  1,910 1,786 2,190 ± 45 Finketal.[2012]
GeoB111861_9 SML Lp 2,580  2,846 2,725 2,945 ± 50 Finketal.[2012]
COR2101C SML Mo 2,695  2,825 2,747 2,975 ± 30 Malinvernoetal.[2010]
GeoB111851_27 SML Lp 3,715  4,024 3,877 3,900 ± 50 Finketal.[2012]
GeoB111851_40.5 SML Lp 4,641  5,063 4,871 4,640 ± 70 Finketal.[2012]
GeoB111861_50 SML Mo 5,318  5,586 5,484 5,120 ± 60 Finketal.[2012]
GeoB111861_30 SML Mo 5,382  5,642 5,520 5,160 ± 60 Finketal.[2012]
GeoB111861_70 SML Mo 5,756  6,099 5,929 5,540 ± 60 Finketal.[2012]
GeoB111861_110 SML Lp 11,190  11,743 11,433 10,370 ± 80 Finketal.[2012]
GeoB111861_101.5 SML Lp 11,215  11,756 11,489 10,400 ± 80 Finketal.[2012]
GeoB111861_135 SML Lp 11,626  12,327 11,956 10,640 ± 80 Finketal.[2012]
GeoB111851_70 SML Lp 12,882  13,339 13,148 11,670 ± 100 Finketal.[2012]
Table8.A.3: Compiled 14C dates determined on coldwater coral fragments (Lp, Lophelia pertusa; Mo,
Madrepora oculata) collected in the Mediterranean Sea comprising the last 50 kyrs. In order to be
comparable, all 14C raw ages were recalibrated by using theMarine09 calibration curve [Reimer et al.,
2009]oftheCALIB6.0software[StuiverandReimer,1993]assumingareservoireffectof~400years[Siani
etal.,2001],andarereportedascal.yearsBP.Abbreviations:SMLSantaMariadiLeuca;MCPMelilla
CoralProvince.
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Thispaperpresents the first compilationof informationon thespatialdistributionof
scleractinian coldwater corals in the Gulf of Cádiz based on literature research and own
observations (video footage, sediment samples). Scleractinian coldwater corals arewidely
distributed along the Spanish and Moroccan margins in the Gulf of Cádiz, where they are
mainly associated with mud volcanoes, diapiric ridges, steep fault escarpments, and coral
mounds. Dendrophyllia cornigera, Dendrophyllia alternata, Eguchipsammia cornucopia,
MadreporaoculataandLopheliapertusaarethemostabundantreefformingspecies.Today,
theyarealmostsolelypresentasisolatedpatchesoffossilcoralandcoralrubble.Theabsence
of living scleractinian corals is likely related to a reduced food supply caused by low
productivity and diminished tidal effects. In contrast, during the past 48 kyr scleractinian
corals were abundant in the Gulf of Cádiz, although their occurrence demonstrates no
relationship with main climatic or oceanographic changes. Nevertheless, there exists a
conspicuousrelationshipwhenthemainspeciesareconsideredseparately.Dendrophylliids
are associated with periods of relatively stable and warm conditions. The occurrence of
L.pertusamainlyclusterswithinthelastglacialwhenbottomcurrentstrengthintheGulfof
Cádiz was enhanced and longterm stable conditions existed in terms of temperature.
Madreporaoculatashowsahighertolerancetoabruptenvironmentalchanges.
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Figure9.1: Bathymetric map of the Gulf of Cádiz (contour interval 200 m) showing the widespread
occurrenceoffossilreefformingscleractiniancoldwatercorals(blackcruxes)andscarcelivecoralfindings
(pinkstars) (for furtherdetailsseeAppendix9.A).Coralsitesandsedimentcores investigatedduringthis
study(bluecircles)andthepositionofcoreMD992339(blackcircle) [Voelkeretal.,2006]are indicated.
ThegeneralpresentdaycirculationpatternoftheMediterraneanOutflowWater[afterHernándezMolina
etal.,2006]anddistinctfluidventingprovincesareshown.
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Figure9.2: Bathymetricmaps of (A) HespéridesMV (h1,h2,h3 andh4 markmajor cones), (B) FaroMV
(contourintervalofAandBis20m)and(C)YumaandGinsburgMVs(contourintervalis40m).Themaps
are overlaid by video survey tracks that were analysed for the distribution of the sedimentological
geologicalfaciesandtheoccurrenceofcoldwatercoralscomprisingscleractiniancoralsandthegroupof
octocorals, antipatharians and hydroids. Sediment samples (GC: gravity corer, TV grab: TVguided grab
sampler)collectedfromHespéridesandFaroMVsareindicated.
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GeoB
No.
MV 
Date
(dd/mm/yy)
Time
(hh:mm)
Latitude(N) Longitude(W) WD(m) TL/RD
9016 Hespérides S 01/12/2003 22:19 36°11.86 07°17.52 780 4.2km
  E 02/12/2003 02:11 36°11.06 07°19.95 860 3:52h

9017 Hespérides S 02/12/2003 03:20 36°12.05 07°18.36 820 4.3km
  E 02/12/2003 07:31 36°11.93 07°18.91 1050 4:11h

9028 Faro S 03/12/2003 23:10 36°05.77 07°23.19 910 8.4km
  E 04/12/2003 07:57 36°05.17 07°24.09 885 8:47h

9057 Ginsburg S 11/12/2003 21:43 35°22.17 07°04.50 1030 5.7km
  E 12/12/2003 03:34 35°22.30 07°05.15 920 5:51h

9058 Yuma S 12/12/2003 04:47 35°24.68 07°06.10 1040 3.5km
  E 12/12/2003 08:00 35°25.00 07°05.52 970 3:13h
Abbreviations: WD, water depth; MV, mud volcano; S, start point; E, end point; TL, track length; RD,
recordingduration.
Table9.1:MetadataoffiveOFOSsurveysconductedatHespérides,Faro,YumaandGinsburgMVsduring
RVSonnecruiseSO175.
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9.3.3 Sedimentsamplingand
taxonomicanalyses
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9.3.4 Agedetermination
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Core Location Gear Latitude Longitude WD R
GeoB90221 HespéridesMV TVG 36°10.89N 07°18.35W 676m Bulk
GeoB9018 HespéridesMV GC 36°10.98N 07°18.37W 702m 347cm
GeoB9031 FaroMV GC 36°05.75N 07°23.28W 897m 484cm
GeoB9070 WesternRenardRidge GC 35°22.00N 06°51.90W 594m 600cm
M200515 PDE(EasternRenardRidge) BC 35°18.33N 06°47.93W 570m 22cm
      
Abbreviations:WD,waterdepth;R,recovery;TVG,TVgrab;GC,gravitycorer;BC,boxcorer.
Table9.2:MetadataofoneTVgrabandthreegravitycorescollectedduringRVSonnecruiseSO175,and
oneboxcorercollectedduringRVPelagiacruise64PE237.
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Sample
name
Core
depth
Coralspecies Labcode
Raw
14Cage
(yrBP)
Error(yrBP)
Calibrated
14Cage
(cal.yrBP)
       
SM GeoB90221 Surface Dendrophylliaalternata KIA24278 650 ±30 270±90
SM GeoB90221 Surface Dendrophylliaalternata KIA24274 675 ±35 370±60
SM GeoB90221 Surface Dendrophylliaalternata KIA24277 810 ±30 450±70
SM GeoB90221 Surface Dendrophylliaalternata KIA24271 815 ±30 470±50
SM GeoB90221 Surface Dendrophylliaalternata KIA24281 1050 ±30 620±30
SM GeoB90221 Surface Dendrophylliaalternata KIA24279 1170 ±35 710±30
SM GeoB90221 Surface Dendrophylliaalternata KIA24273 1215 ±35 1220±40
MM M200515 0–5cm Dendrophylliasp. KIA33749 2095 ±25 1620±60
MM M200515 15–22cm Lopheliapertusa KIA33750 19070 ±130 21980±440
MM GeoB9070 47cm Lopheliapertusa KIA29032 19760 ±90 22530±280
SM GeoB90221 Surface Lopheliapertusa KIA24263 24090 +280/–270 27620±490
SM GeoB90221 Surface Lopheliapertusa KIA24262 28920 +420/–400 32170±910
MM M200515 15–22cm Madreporaoculata KIA33751 11055 ±60 12600±150
SM GeoB9018 3cm Madreporaoculata KIA29035 13580 ±60 16110±45
SM GeoB9031 10cm Madreporaoculata KIA29034 19890 ±100 22690±36
SM GeoB90221 Surface Madreporaoculata* KIA25832 29730 +440/–420 34520±570
SM GeoB90221 Surface Madreporaoculata* KIA24275 29120 +430/–400 32480±910
SM GeoB90221 Surface Madreporaoculata KIA24267 30520 +500/–470 34330±530
SM GeoB90221 Surface Madreporaoculata KIA24265 39810 +1640/–1360 42370±780
SM GeoB90221 Surface Madreporaoculata KIA24266 39980 +1790/–1470 42470±850
MM GeoB9070 298cm Madreporaoculata KIA29031 41960 ±1110 43320±850
SM GeoB90221 Surface Eguchipsammiacornucopia KIA24270 44610 +3210/–2280 45840±2300
SM GeoB90221 Surface Eguchipsammiacornucopia KIA24269 47204 +4940/3040 48020±3380
       
Table9.3a:Overviewof theAMS 14Cdatesdeterminedon22specimensofLopheliapertusa,Madrepora
oculata (*onespecimenofM.oculatawasdatedtwice)anddendrophylliids.The14Cageswerecorrected
for 13C and ameanocean reservoir ageof 400 years, andwere converted into calendar years using the
CALPAL2004 software. The coral fragments were collected from the surface sample GeoB 90221
(HespéridesMV),andthesedimentcoresM200515(PDE),GeoB9018(HespéridesMV),GeoB9031(Faro
MV)andGeoB9070(RenardRidge).
Abbreviations:SM,Spanishmargin;MM,Moroccanmargin.
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 Sample
Core
depth
(cm)
Coral
species
238U
(ppm)
232Th
(ppm)
234U/238U
(dpm/dpm)
230Th/232Th
(dpm/dpm)
230Th/234U
230Th/U
age(kyr)
SM GeoB9031 10 Madrepora 4.9559 0.0214 1.1399 143.55 0.1749 20920±120
SM GeoB9031 93 Madrepora 5.2631 0.0048 1.1328 1119.58 0.2908 37250±230
         
Table9.3b:Overviewof230Th/Udatesdeterminedonskeletonsofthescleractiniancoldwatercoralspecies
MadreporaoculatacollectedfromsedimentcoreGeoB9031(FaroMV).
Abbreviations:SM,Spanishmargin.
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Figure9.3:StillphotographsofFaroMV.(A) Bioturbatedsoftsediments(faciesclass1)associatedwiththe
occurrence of Isidella sp. (faunal class 2). (B) Carbonate crusts (facies class 3) colonised by octocorals
(faunal class2). Still photographsofHespéridesMV. (C) Patchesof scleractiniancoral framework (faunal
class 1) on soft sediment covered by hard substrate debris (facies class 2). (D) Carbonate chimneys and
othercarbonatedebris(faciesclass3).
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Figure9.4: Scleractinian coldwater corals identified on Hespérides MV (TVgrab GeoB 9022). 1.
DendrophylliaalternataDePourtalès,1880;a.sideviewofbasalbranches,scalebar1cm.b.sideviewofa
distalbranch,scalebar1cm.2.MadreporaoculataLinnaeus,1758;sideviewofbasalbranches,scalebar
2cm.3.Lopheliapertusa (Linnaeus,1758);a. sideviewofmorphotype1, scalebar2cm;b. sideviewof
morphotype2,scalebar2cm.4.Eguchipsammiacornucopia (DePourtalès,1871);a.sideview,scalebar
2cm;b.calicularview,scalebar1cm.5.Desmophyllumdianthus(Esper,1794);a.sideview,scalebar2cm;
b.sideview,scalebar2cm.
 :2B4+2A00+2GB'9+A42G4+B:0A(BG2r0/
  NM
 	> >		
 
  	' ;NN"
 ><   
	'
  	

;SN!"  ><  
  
	'


 
	'
  	  .= ;O""'O!"
 ><% A 	
  	 	 .=
 R
D 		
 D 
 		
 	
	 			 
 
>
 ;%O%&<
D		

	
 D :D ;
  !<% .	
		
  	
 	 .=   
		
 	   			 Isidella >%
;%O%! 
 O%&<% Isidella   	'		
 >
 D 
 	  	




	'

      
 	 	'

 	 	>   P
 	

>
P	
	.=;%O%!<%A

 
'> 		
  	

>>
	

	
	
D
D
	
	%
+>		.= 
>
 	  	D
 
   


	'

 	 	 .= ;%O%!<% A 
 
	>	 	   ;> 	P

<  :	
 > 
 D
;%%Bathymodiolus<%
A	
		
Q


.=D;%O%!<%	.=
 	
 D >D 	 	

;D>#<%(
	
D >> D  	>	



   	   
% 2	 
;
#<
	
		.=;%O%!<%:
		
	
			;
!<	

D	
%AD
D	>>'
 	 
 	
  	 
 

>
 		

   
%+	
>			

	 			 	
 
 .=   D 
	


%
+	  	2  R
 D
	   
	 
 	

	>	
>   	


 	 
    	 	
 
	.=%

9.4.2 Scleractiniancoldwatercoral
diversity
+ P	
	 
D 	 A=' >
	O"!!'#	(>,.=
	
  :>
 
   	 	 ##


> 				

 D.alternata  		 D E.cornucopia 
M.oculata
L.pertusa%B


	D 	 > Desmophyllum dianthus 
Caryophyllia calveri  Caryophyllia sarsiae 

Conotrochus typus ;%O%J 
 O%$  AO%J<%
A

> 

	
D

 	
 			  	
D >> 
 D 	

%
A	 
 	>	D> 	 L.pertusa
 	 	  (>, .=% G

	>	D>   
	 	
 	
  	    	  

   	% A 
D	
		
+
 ;%% 	 	D<   >
	 	 	  		  VFreiwald et
al.,1997W 
	>		D>	
.

:VFreiwaldetal.,2009W%0

 	2 	
   > Lophelia'
	>	D>  >	D >	 	 2>%
+D
	.=VPfannkucheetal.,2007W%
+ P	
	 	>	

 
D 	 	P
	.!""$'#$	*	

.		
 
   


 	 % A 	 ?	
	 >  Dendrophylliacornigera 
E.cornucopia  L.pertusa  
 M.oculata% .
	
	
	 	  	  
D.dianthus  Caryophyllia>>%  C.typus 

Stenocyathusvermiformis%2	>
	
	     		 D.alternata
 D   	 		
 	 > 	

(>, .=    >  
	

:2B4+2A00+2GB'9+A42G4+B:0A(BG2r0/ 
NN
>
 	
 *% 0
 	
  D.cornigera  
	 

 > 	
 *   
	

 	 (>,% D 	>
 


	?		'	>
	 	P 	 .!""$'#$   	 		 
  
D 
 ;"'#"< 
	
 D 
	>D  
	
	 ;Y#" 	 ><  
>DL.pertusa
M.oculata;%O%L<%
G 	
 	>	

 	
 
 	P
	 .!""$'#$ 	> 	 
;Asperarcanodulosa Astarte>% Chlamyssulcata 
Delectopecten vitreus  Lima marioni  Spondylus
gussonii<  	>	 ;%%  Barbatia >% 
Figure9.5: Scleractinian coldwater corals identified on Hespérides MV (TVgrab GeoB 9022). 1. Two
specimens ofCaryophyllia sarsiae Zibrowius, 1974; a. calicular view of the younger specimen, scale bar
1cm;b.sideview,scalebar1cm.2.CaryophylliacalveriDuncan,1873;a.calicularview,scalebar1cm;b.
sideview,scalebar1cm.3.ConotrochustypusSeguenza,1864;a.calicularview,scalebar5mm;b.side
view,scalebar1cm.4.Javaniasp.;a.sideviewofabrokenspecimen(distalpartmissing),scalebar1cm.
5.Stenocyathusvermiformis(DePourtalès,1868);sideview,scalebar1cm.
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9.4.3 Temporaldistributionofcold
watercorals
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Family Species Coloniality GeoB90221 GeoB9018 GeoB9031 M200515 GeoB9070
  
Hesp.MV,
TVG
Hesp.MV,
GC
FaroMV,
GC PDE,BC
RenardR.,
GC
       
Oculinidae MadreporaoculataLinnaeus,1758 RF X X X X X

Caryophylliidae
CaryophylliasarsiaeZibrowius,
1974 SO X X  X X
 CaryophylliacalveriDuncan,1873 SO X   X X

DesmophyllumdianthusEsper,
1794 SO X   X X
 LopheliapertusaLinnaeus,1785 RF X X X X X
 ConotrochustypusSeguenza,1864 SO X  X X X

Flabellidae Javaniasp. SO X    
Stenocyathidae
StenocyathusvermiformisDe
Pourtalès,1868 SO X   X 
Dendrophylliidae
DendrophylliaalternataDe
Pourtalès,1886 RF* X   X 

DendrophylliacornigeraLamarck,
1816 RF*    X 

EguchipsammiacornucopiaDe
Pourtalès,1871 RF* X X  X 
       
Table9.4:Faunal listof scleractiniancoldwatercorals identified fromonesurfacesample (GeoB90221)
and two sedimentcores (GeoB9018,GeoB9031) collectedalong theSpanishmargin, and two sediment
cores(M200515,GeoB9070)collectedalongtheMoroccanmargin.
Abbreviations: Hesp. MV, Hespérides mud volcano; Faro MV, Faro mud volcano; PDE, Pen Duick
Escarpment;RenardR.,RenardRidge;RF,reefforming;RF*,potentiallyreefforming;SO,solitary;TVG,TV
grab;GC,gravitycore;BC,boxcore.
Figure9.6:DowncoredistributionofthemainscleractiniancoldwatercoralspeciesofboxcoreM200515
collected from thePDE (Renard ridge,Moroccanmargin)duringRVPelagia cruise64PE237 in2005. The
corewassievedin5cmdepthintervalsthrougha>1000msieveandeachdepthintervalwasanalysedfor
itsbiogeniccomponents.Theweightpercentageforthefourmaincoralspeciesisplotted.
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9.4.4 Hydrographicalsettingofthe
northernGulfofCádiz
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Figure9.7: (A) Calibrated AMS 14C and 230Th/U datings conducted on dendrophylliids (Den),Madrepora
oculata (Mo) and Lophelia pertusa (Lp). The scleractinian coral fragments were collected from TV grab
GeoB90221 (greendiamonds)andgravitycoresGeoB9018 (darkgreendiamonds)andGeoB9031 (light
greendiamonds;agesdeterminedbythe230Th/Umethodareindicated)retrievedfromtheSpanishmargin
oftheGoCaswellasfromboxcorerM200515(lightorangediamonds)andgravitycoreGeoB9070(dark
orangediamonds)retrievedfromtheMoroccanmargin.(B)SealevelcurveafterWaelbroecketal.[2002].
(C)Meangrainsize<63mand(D)benthicstableoxygenisotoperecord(measuredinUvigerinaspp.)both
analysed for coreMD992339byVoelkeret al. [2006].Vertical blackdashed lines:Marine IsotopeStage
(MIS)boundaries[afterLisieckiandRaymo,2005],verticalgreybar:YoungerDryas(YD)andverticalgrey
linesindicateHeinrichevents(H)[afterHemming,2004].
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9.5.1 Generaldistributionpatternof
scleractiniancoralsintheGulfof
Cádiz
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Figure9.8: Contourplot of temperature (°C), salinity (‰) and turbidity (FTU)of a 24hCTD yoyostation
carried out during RV Pelagia cruise 64PE229 (22 August 2004) close to Hespérides MV (890m water
depth).NotethepresenceofMOWbelow800mwaterdepth.
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No. Margin Structure
Nameof
structure Coordinates
Water
depth
(m)
Information
aboutcoral
species Tool
Research
vessel–cruise Reference/source
1 SM MV Hespérides 36°11N,7°18W 702 Lophelia,
Madrepora,
dendrophylliid
GC,
G
V SonneSO175 Thispublication
2 SM MV Faro 36°06N,7°23W 897 Lophelia,
Madrepora
GC V SonneSO175 Thispublication
3 MM MV Ginsburg 36°22N,7°05W 1023 Lophelia,
Madrepora
 V SonneSO175 Thispublication
4 MM MV Yuma 35°25N,7°06W 1058 Lophelia,
Madrepora
 V SonneSO175 Thispublication
5 MM M OnRenardR 35°22N,6°52W 594 Lophelia,
Madrepora
GC  SonneSO175 Thispublication
6 MM M onPDE 35°18N,6°48W 570 Lophelia,
Madrepora,
dendrophylliid
BC  Pelagia64PE237 Thispublication
7 SM MV Pipoca
summit
36°28N,7°12W 528 Madrepora,
dendrophylliid
BC,G  Pelagia64PE284 Hebbelnetal.[2008]
8 SM MV Pipoca 36°30N,7°10W 536  GC  Cornidede
Saavedra
Anastasya
Somozaetal.[2003]*
9 SM MV Almazán 36°06N,7°19W 870  GC  Cornidede
Saavedra
Anastasya
Somozaetal.[2003]*
10 SM MV Coruna 36°12N,7°32W 830  DR  Cornidede
Saavedra
Anastasya
Somozaetal.[2003]*
11 SM MV St.
Petersburg
35°39N,7°02W 879  GC  Prof.Logachev
TTR9
Kenyonetal.[2000]o
12 SM MV Iberico 36°07N,7°41W 885  DR  Hespérides
Tasyo
DíazdelRioetal.
[2003]*
13 SM MV Cornide 36°07N,7°37W 935  DR V Hespérides
Tasyo
DíazdelRioetal.
[2003]*
14 SM MV Tasyo 35°46N,7°07W 1100 Lophelia,
Madrepora
GC  Prof.Logachev
TTR10
Pinheiroetal.[2003]*
15 SM ES SEof
Anastasya
MV
36°28N,7°07W 474 Madrepora G  Pelagia64PE284 Hebbelnetal.[2008]
16 SM R Hormigas 36°11N,7°35W ~850 Lophelia DR V Hespérides
Tasyo
Leónetal.[2007]*Díaz
delRioetal.[2003]*
17 SM CH Cádiz
Channel
36°06N,7°54W 1275–
1418
 DR  Prof.Logachev
TTR15
Akhmetzhanovetal.
[2007]o
18 MM MV Mercator 35°18N,6°39W 418  GC  Prof.Logachev
TTR15
Akhmetzhanovetal.
[2007]o
19 MM MV NWof
VernadskyR
35°26N,6°47W 499  BC  BelgicaCadipor
II
VanRooijetal.[2005]
20 MM MV Meknes 34°59N,7°05W 709 Lophelia,
Madrepora
GC  MariaS.Merian
MSM013
Pfannkucheetal[2007]
21 MM MV Meknes 34°59’N,7°05W 718  GC  Prof.Logachev
TTR14
Kenyonetal.[2006]o
22 MM MV TTR 35°22N,6°56W 721  GC  Prof.Logachev
TTR9
Kenyonetal.[2000]o
23 MM MV Tangier 35°39N,6°48W ~800  G V Prof.Logachev
TTR15
Akhmetzhanovetal.
[2007]o
24 MM MV Becks 35°18N,7°00W 861  GC V Pelagia64PE284 Hebbelnetal.[2008]
25 MM MV Student 35°29N,7°09W 955 Lophelia,
Madrepora
GC,
G
 Prof.Logachev
TTR10
Pinheiroetal.[2003]*
26 MM MV Yuma 35°25N,7°05W 975  GC  Prof.Logachev
TTR16
Akhmetzanovetal.
[2008]o
Table9.A1
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aboutcoral
species Tool
Research
vessel–cruise Reference/source
27 MM MV Ginsburg 35°23N,7°05W 983  GC  Prof.Logachev
TTR16
Akhmetzanovetal.
[2008]o
28 MM MV Rabat 35°19N,7°08W 1060  GC  Prof.Logachev
TTR10
Pinheiroetal.[2003]*
29 MM MV Shouen 35°28N,7°15W 1170  G  Prof.Logachev
TTR16
Akhmetzanovetal.
[2008]o
30 MM MV Darwin 35°23N,7°11W 1103 LiveLophelia ROV  JamesCook
JC10
Weaveretal.[2007]
31 MM MV Capt.
Arutyunov
35°39N,7°20W 1320 Lophelia,
Madrepora,
dendrophylliid
BC  MariaS.Merian
MSM013
Pfannkucheetal[2007]
32 MM M OnPDE 35°18N,6°44W 444–515 Lophelia,
Madrepora,
dendrophylliid
BC  Pelagia64PE268 DeHaasetal.[2007]
33 MM M OnPDE 35°19N,6°46W 497 Lophelia,
Madrepora
BC V Pelagia64PE253 DeHaasetal.[2006]
34 MM M OnPDE 35°19N,6°47W 542–560 Lophelia,
Madrepora
BC V Pelagia64PE253 DeHaasetal.[2006]
35 MM M OnPDE 35°19N,6°48W 550 Lophelia,
Madrepora,
dendrophylliid
BC  BelgicaCadipor
II
Foubertetal.[2008]*
36 MM M OnPDE 35°18N,6°47W 532 Lophelia,
Madrepora,
dendrophylliid
GC  Marion
Dufresne
MD140
Foubertetal.[2008]*
37 MM M OnPDE 35°17N,6°47W 538 Lophelia,
Madrepora,
dendrophylliid
GC  Prof.Logachev
TTR14
Foubertetal.[2008]*
38 MM M OnPDE 35°18N,6°48W 550 Lophelia,
Madrepora,
dendrophylliid
GC,
G
 Prof.Logachev
TTR14
Foubertetal.[2008]*
39 MM M OnPDE 35°17N,6°47W 580 Lophelia,
Madrepora,
dendrophylliid
GC  Prof.Logachev
TTR15
Foubertetal.[2008]*
40 MM M OnPDE 35°18N,6°49W 622 Lophelia BC  Pelagia64PE237 DeHaasetal.[2005]
41 MM M OnPDE 35°19N,6°49W 628–648 Lophelia,
Madrepora
BC  Pelagia64PE253 DeHaasetal.[2006]
42 MM M OnRenardR 35°21N,6°51W 518 Lophelia,
Madrepora,
dendrophylliid
GC V MariaS.Merian
MSM013
Pfannkucheetal[2007]
43 MM M OnRenardR 35°22N,6°52W 580 Lophelia,
Madrepora,
dendrophylliid
GC  Prof.Logachev
TTR15
Foubertetal.[2008]*
44 MM M EofAlIdrisi 35°14N,6°33W 280–302 Lophelia,
Madrepora
BC  BelgicaCadipor
II
Foubertetal.[2008]*
45 MM M Nof
Mercator
MV
35°19N,6°37W 356 Lophelia,
Madrepora
G  Pelagia64PE284 Hebbelnetal.[2008]
46 MM M NWof
Mercator
MV
35°20N,6°40W 422 Lophelia,
Madrepora
BC  Pelagia64PE284 Hebbelnetal.[2008]
47 MM M WofRenard
R
35°22N,6°54W 756 LiveLopheliaand
Madrepora
GC V Pelagia64PE284 Hebbelnetal.[2008]
48 MM M NofMeknes
MV
35°00N,
7°04W
739 LiveLopheliaand
Madrepora
GC V Pelagia64PE284 Hebbelnetal.[2008]
49 MM M WofTTR
MV
35°21N,7°00W 895 Lophelia,
Madrepora
GC  Pelagia64PE284 Hebbelnetal.[2008]
50 MM M SWofTTR
MV
35°17N,7°01W 882 Lophelia,
Madrepora
GC  Pelagia64PE284 Hebbelnetal.[2008]
51 MM M Around
YumaMV
35°31N,7°09W 940–961 Lophelia,
Madrepora
GC,
G
 Prof.Logachev
TTR10
Kenyonetal.[2001]o
52 MM R Vernadsky 35°25N,6°44W 480 Lophelia,
Madrepora
 V MariaS.Merian
MSM013
Pfannkucheetal[2007]
53 MM R Vernadsky 35°26N,6°47W 510 Dendrophylliid DR  Prof.Logachev
TTR15
Foubertetal.[2008]*
54 MM R Closeto
KiddMV
35°26N,6°46W 580  GC  Prof.Logachev
TTR14
Kenyonetal.[2006]o
55 MM R Renard 35°22N,6°54W 712 Lophelia,
Madrepora
GC  Prof.Logachev
TTR15
Foubertetal.[2008]*
56 MM R NWof
MeknesMV
35°03N,7°09W 827  GC V Pelagia64PE284 Hebbelnetal.[2008]
57 MM R Unnamed 35°26N,7°11W 1140 Lophelia,
Madrepora
GC  Prof.Logachev
TTR10
Kenyonetal.[2001]o


Table9.A1(continued)
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No. Margin Structure
Nameof
structure Coordinates
Water
depth
(m)
Information
aboutcoral
species Tool
Research
vessel–cruise Reference/source
58 MM ES NofMeknes
MV
35°09N,7°09W 959  GC V Pelagia64PE284 Hebbelnetal.[2008]
59 MM (?) Unnamed 35°22N,7°29W 1395–
1663
Dendrophylliid DR  Hespérides
MVEIS08
Somozaetal.[2008]
    35°25N,7°33W      
60 MM (?) Unnamed 35°19N,7°45W ~1814 Lophelia DR  Hespérides
MVEIS08
Somozaetal.[2008]
    35°17N,7°39W      
Abbreviations:MM:MoroccanMargin;SM:Spanish/PortugueseMargin
MV:mudvolcano;M:coralmound;R:ridge;ES:escarpment;CH:channel
GC:gravitycorer;BC:box corer;DR:dredge;G:grab sampler;V: videoobservationbymeansof camera
sledgeorROV.
*Peerreviewedpublication.
oCruisereportsoftheTTRcruisesarepublishedonline:http://www.ioc.unesco.org/ttr/cruises.html.
Table9.A1(continued)
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